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APPENDIX  A 


GLOSSARY 


-A- 

Absorption.  The  taking  up  of  liquids  by  solids  or  the  passage  of 
a  substance  into  the  tissues  of  an  organism  as  the  result  of 
diffusion,  filtration,  or  osmosis. 

Acetone.  A  colorless,  volatile  liquid  that  is  useful  as  a  solvent. 
It  is  found  in  the  blood  and  urine  when  fats  are  improperly 
metabolized. 

Acid  Equivalent  (a.e.).  The  amount  of  active  ingredient  ex- 
pressed in  terms  of  the  parent  acid. 

Active  Ingredient  (a.i.).  The  chemical  in  an  herbicide  that  is  pri- 
marily responsible  for  the  desired  effects. 

Acute  Toxicity.  The  quality  or  potential  of  a  substance  to  cause 
injury  or  illness  shortly  after  exposure  to  a  relatively  large 
dose. 

Adenoma.  An  abnormal  growth  of  glandular  tissue. 

Adsorption.  Adhesion  of  substances  to  the  surfaces  of  solids  or 
liquids.  Technically,  the  attraction  of  ions  of  compounds  to 
the  surface  of  solids  or  liquids. 

Adverse  Impacts.  Impacts  that  harm  one  or  more  ecosystem  com- 
ponents or  processes. 

Alleopathic.  Pertaining  to  the  suppression  of  growth  of  one  plant 
species  by  another  through  the  release  of  toxic  substances. 

Alluvlation.  Accumulation  of  stream-laid  sediments. 

Ames  Assay.  A  type  of  short-term  test  using  bacteria  in  labora- 
tory cultures  to  assess  the  mutagenic  potential  of  a  sub- 
stance. 

Annual  Plant.  A  plant  that  completes  its  life  cycle  within  1  year. 

Aquifer.  A  geologic  formation  capable  of  transmitting  water 
through  its  pores  at  a  rate  sufficient  for  water  supply  pur- 
poses. The  term  water-bearing  is  sometimes  used  synonym- 
ously with  aquifer  when  a  stratum  furnishes  water  for  a  spe- 
cific use.  Aquifers  are  usually  saturated  sands,  gravel, 
fractures,  caverns,  or  vesicular  rock. 

Archaeological  and  Historic  Site.  A  site  that  contains  either  ob- 
jects of  antiquity  or  of  cultural  value  relating  to  history 
and/or  prehistory  that  warrant  special  attention. 

Area  of  Critical  Environmental  Concern  (ACEC).  An  area  within 
public  lands  that  requires  special  management  attention  to 
protect  and  prevent  irreparable  damage  to  important  his- 
toric, cultural,  or  scenic  values;  fish  and  wildlife  resources; 
other  natural  systems  or  processes;  or  to  protect  life  or  pro- 
vide safety  from  natural  hazards. 

Arid.  A  term  applied  to  regions  or  climates  where  lack  of  suffi- 
cient moisture  severely  limits  growth  and  production  of 
vegetation.  The  limits  of  precipitation  vary  considerably 
according  to  temperature  conditions. 

Assay.  A  test  or  measurement  used  to  evaluate  a  characteristic 
of  a  chemical.  See  Bioassay. 

Association.  A  group  of  species  characterizing  a  certain  clima- 
tologic  or  microclimatologic  area. 


-B- 

Bajadas.  Lower  slopes  of  desert  mountains. 

Best  Management  Practice.  A  practice  or  combination  of  prac- 
tices that  is  determined/  after  problem  assessment,  exam- 
ination of  alternative  practices,  and  public  participation/  to 
be  the  most  effective,  practicable  means  of  preventing  or 
reducing  the  amount  of  pollution  generated  by  nonpoint 
source  to  a  level  compatible  with  water  quality  goals. 

Biennial  Plant.  A  plant  that  completes  its  life  cycle  in  2  years. 

Bloaccumulatlon.  The  process  of  a  plant  or  animal  selectively 
taking  in  or  storing  a  persistent  substance.  Over  time,  a 
higher  concentration  of  the  substance  is  found  in  the  organ- 
ism than  in  the  organism's  environment. 

Bioassay.  A  method  for  quantitatively  determining  the  concen- 
tration of  a  substance  by  its  effect  on  a  suitable  animal, 
plant,  or  microorganism  under  controlled  conditions. 

Biological  Control.  The  use  of  natural  enemies  to  attack  a  target 
plant,  retard  growth,  prevent  regrowth,  or  prevent  seed  for- 
mation. 

Biological  Diversity.  The  variety  and  variability  among  living  or- 
ganisms and  the  ecological  complexes  in  which  they  occur. 
Diversity  can  be  defined  as  the  number  of  different  items 
and  their  relative  frequency.  Thus,  the  term  encompasses 
different  ecosystems,  species,  genes,  and  their  relativeabun- 
dance  (U.S.  Congress,  Office  of  Technology  Assessment 
1987). 

Blomass.  The  total  of  living  organisms  of  one  or  more  species 
per  unit  area  or  all  of  the  species  in  a  community  measured 
in  dry  weight  or  kilocalories. 

Boom  (herbicide  spray).  A  tubular  metal  device  that  conducts 
an  herbicide  m  ixtu  re  from  a  tan  k  to  a  series  of  spray  nozzles. 
It  may  be  mounted  beneath  a  helicopter  or  a  fixed-wing  air- 
craft or  behind  a  tractor. 

Broadcast  Application.  An  application  of  a  pesticide  that  uni- 
formly covers  an  entire  area. 

Browse.  The  part  of  shrubs,  half  shrubs,  woody  vines,  and  trees 
available  for  animal  consumption;  to  search  for  or  consume 
browse. 

Buffer  Strip/Zone.  A  strip  of  vegetation  that  is  left  or  managed 
to  reduce  the  impact  that  a  treatment  or  action  on  one  area 
might  have  on  another  area. 

Butte.  A  hill  that  rises  above  the  surrounding  area,  with  steep 
sloping  sides  and  a  flat  top. 


Cancer  Potency.  A  measure  of  the  relative  ability  of  a  substance 
to  cause  cancer.  Usually  expressed  as  a  function  of  unit 
dose  as  per  mg/kg/day.  When  multiplied  by  an  estimated 
daily  lifetime  dose  (in  mg/kg/day)  of  an  individual,  it  yields 
an  estimate  of  the  probability  of  that  the  individual  will 
develop  cancer. 

Canopy.  The  uppermost  cover  of  branches  and  leafy  foliage  in 
a  forest. 
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Carcinogenic.  Capable  of  producing  or  inciting  cancer. 

Carcinoma.  A  malignant  or  cancerous  tumor. 

Chemical  Degradation.  The  breakdown  of  a  chemical  substance 
into  simpler  components  through  chemical  reactions. 

Chromosome.  Microscopic  structures  within  the  cell  that  are 
composed  of  DNA  and  genes  (hereditary  determiners). 

Chronic  (effects  or  toxicity).  Having  poisonous  or  deleterious  ef- 
fects from  prolonged  exposure  or  repeated  administration 
of  a  chemical. 

Climax  Species.  The  kind  of  plant  that  predominates  in  the  final 
stage  of  ecological  succession  in  a  forest. 

Cold  Desert.  An  arid  region  with  snow  and  hard  frost  in  the  win- 
ter. 

Colluvlum.  A  loose  deposit  of  rock  debris  accumulated  at  the 
base  of  a  slope. 

Community.  An  assemblage  of  populations  of  plants  and/or  an- 
imals in  a  common  spatial  arrangement. 

Composition.  The  proportions  (percentages)  of  various  plant 
species  in  relation  to  the  total  on  a  given  area.  It  may  be 
expressed  in  terms  of  cover,  density,  or  weight. 

Conifer.  An  order  of  Gymnospermae,  comprising  a  wide  range 
of  trees,  mostly  evergreens  that  bear  cones  and  have  needle- 
shaped  or  scalelike  leaves;  timber  commercially  identified 
as  softwood. 

Conjunctivitis.  Inflammation  of  the  mucous  membrane  that  lines 
the  inner  surface  of  the  eyelids. 

Consolidated.  Material  that  is  dense,  and  whose  particles  are  ce- 
mented together. 

Critical  Habitat.  (1)  Specific  areas  within  the  habitat  a  species 
occupies  at  the  time  it  is  listed  under  the  Endangered  Spe- 
cies Act  that  have  physical  or  biological  features  (a)  that  are 
essential  to  the  conservation  of  the  species  and  (b)  that  may 
require  special  management  considerations  or  protection, 
and  (2)  specific  areas  outside  the  habitat  a  species  occupies 
at  the  time  it  is  listed  that  the  Secretary  of  the  Interior  de- 
termines are  essential  for  the  species  conservation. 

Crossing  Over.  The  breaking  and  exchanging  of  parts  of  chro- 
mosomes between  chromosome  pairs  during  cell  division. 

Cultural  Resources.  Remains  of  human  activity,  occupation,  or 
endeavor,  reflected  in  districts,  sites,  structures,  buildings, 
objects,  artifacts,  ruins,  works  of  art,  architecture,  and  nat- 
ural features  that  were  important  in  past  human  events.  Cul- 
tural resources  consist  of  (1)  physical  remains,  (2)  areas 
where  significant  human  events  occurred,  even  though  ev- 
idence of  the  events  no  longer  remains,  and  (3)  the  environ- 
ment immediately  surrounding  the  actual  resource. 

Cytogenetic.  Refers  to  the  structure  or  function  of  chromosomes 
within  cells. 
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Degradation.  See  chemical  degradation. 

Demyelination/demyelinization.  The  destruction  or  removal  of 
the  myelin  sheath  of  nerve  tissue.  The  myelin  sheath  is  com- 
posed of  layers  of  myelin,  a  lipid  material  that  provides  elec- 
trical insulation  and  protection  for  neurons. 


Dermal  Exposure.  That  part  of  an  amount  of  toxic  substance  that 
an  organism  receives  as  a  result  of  the  substance  coming 
into  contact  with  the  organism's  body  surface. 

Dermatitis.  Inflammation  of  the  skin. 

Desired  Plant  Community.  The  kind,  amount,  and  proportion  of 
vegetation  which  best  meets  land  use  objectives  for  a  par- 
ticular site,  and  which  must  be  within  the  site's  capability 
to  produce  through  management  or  a  combination  of  man- 
agement and  land  treatment. 

Desirable  Plants.  Species  which  management  seeks  to  enhance 
or  maintain  to  meet  desired  plant  community  objectives  for 
a  particular  site. 

Dlsclimax.  An  ecological  community  that  is  normally  stable, 
which  has  been  altered  by  man  or  other  influences. 

Dislodgeable  Residue.  A  pesticide  residue  that  can  be  removed 
from  surfaces  such  as  foliage  by  physical  contact. 

Diurnal.  Pertaining  to  those  organisms  that  are  active  during  the 
daytime. 

DNA.  Deoxyribonucleic  acid.  Any  of  various  nucleic  acids  that 
are  the  molecular  basis  of  heredity  in  many  organisms. 

Dominant  Lethal  Assay.  A  toxicity  test  whereby  a  male  animal 
(usually  a  rodent)  is  exposed  to  a  chemical  substance  and 
later  is  sequentially  mated  with  two  female  animals.  The 
females  are  sacrificed,  and  the  number  and  status  of  the 
fetuses  is  recorded. 

Dose.  The  amount  of  chemical  administered  or  received  by  an 
organism,  generally  at  a  given  point  in  time. 

Drift.  That  part  of  a  sprayed  chemical  that  is  moved  by  wind  off 
a  target  site. 

Drip  Torch.  A  container  of  slash-burning  fuel  equipped  with  a 
wick  to  ignite  the  fuel  mixture  as  it  drips  from  the  container 
onto  the  slash.  Hand-held  torches  have  a  1.5-gallon  capac- 
ity and  are  ignited  by  a  fiber-filled,  fuel-soaked  wick. 
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Ecosystem.  An  interacting  system  of  organisms  considered  to- 
gether with  their  environment;  for  example,  marsh, 
watershed,  and  lake  ecosystems. 

Ecotone.  A  transition  line  or  strip  of  vegetation  between  two  com- 
munities having  characteristics  of  both  kinds  of  neighboring 
vegetation  as  well  as  characteristics  of  its  own. 

Edaphic.  Of  or  pertaining  to  soil. 

Edge  Habitat.  The  more  or  less  well-defined  boundary  between 
two  or  more  elements  of  the  envi  ronment;  for  example,  field/ 
woodland. 

Embryotoxic.  Causing  adverse  effects  at  the  early  stages  of  an 
organism's  development  (embryonic  period). 

Endangered  Species.  Plant  or  animal  species  that  are  in  danger 
of  extinction  throughout  all  or  a  significant  part  of  their 
range. 

Environmental  Analysis.  An  evaluative  process  by  which  alterna- 
tives for  achieving  a  purpose  are  analyzed  to  determine  their 
environmental  impacts. 

Environmental  Assessment  (EA).  A  systematic  environmental 
analysis  of  a  site-specific  BLM  activity  used  to  determine 
whether  the  activity  would  have  a  significant  effect  on  the 
quality  of  the  environment  and  whether  an  environmental 
impact  statement  is  required. 
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Environmentai  Fate.  The  transport,  accumulation,  and  disappear- 
ance of  an  herbicide  in  the  environment. 

Environmental  Impact  Statement  (EIS).  An  analysis  that 
assesses  the  probable  effects  of  proposed  actions  and  alter- 
natives on  the  environment,  in  accordance  with  the  National 
Environmental  Policy  Act. 

Ephemeral  Stream.  A  stream  that  flows  only  in  direct  response 
to  precipitation  and  whose  channel  is  at  all  times  above  the 
water  table. 

Ephemerals.  Annual  plants  that  complete  their  life  cycle  in  a  very 
few  weeks. 

Eradication.  Removal  of  all  traces  of  a  population  or  elimination 
of  a  population  to  the  point  where  individuals  are  no  longer 
detectable. 

Eroslonal  Rills.  An  accelerated  form  of  erosion  with  closely 
spaced  channels  scored  into  exposed  soil. 

Escarpment.  A  steep  slope  resulting  from  erosion  or  faulting  that 
separates  two  level  areas  of  different  elevations. 

Escherichia  coli  or  E.  coll.  A  common  species  of  bacteria  used 
in  many  areas  of  biological  research,  including  mutagenic- 
ity testing. 

Ester.  A  compound  formed  by  the  reaction  of  an  acid  and  an  al- 
cohol, generally  accompanied  by  the  elimination  of  water. 

Evapotranspiratlon.  Total  water  loss  from  the  soil  by  both  trans- 
piration from  plant  surfaces  and  direct  evaporation. 

Exclosure.  An  area  from  which  intruders  (such  as  browsing  an- 
imals) are  excluded  by  fencing  or  other  means;  the  exclo- 
sure plot  is  used  to  keep  an  area  in  a  natural  condition,  free 
from  grazing  by  deer  or  domestic  livestock. 

Exposure  Analysis.  The  estimation  of  the  amount  of  chemical 
that  is  in  an  organism's  environment  and  is  available  for 
uptake  into  the  body. 
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Fq.  In  genetics  and  reproduction  studies,  it  pertains  to  the  first 
parents'  generation. 

F-|.  In  genetics,  it  refers  to  the  first  generation  of  offspring  from 
the  Fq  generation. 

Fate.  The  course  of  an  applied  herbicide  in  an  ecosystem  or  bi- 
ological system,  including  metabolism,  microbial  degrada- 
tion, leaching,  and  photodecomposition. 

Fetotoxic.  Capable  of  producing  adverse  effects  in  a  developing 
fetus. 

Fibroblast.  Any  cell  from  which  connective  tissue  is  developed. 

Forage.  Browse  and  herbage  that  is  available  and  may  provide 
food  for  animals  or  be  harvested  for  feeding;  to  search  for 
or  consume  forage. 

Forb.  Any  nongrasslike  plant  having  little  or  no  woody  material; 
or  a  broadleaved  flowering  plant  whose  stem,  above  ground, 
does  not  become  woody  and  persistent. 

Formulation.  A  chemical  mixture  that  includes  a  certain  per- 
centage of  active  ingredient  (technical  chemical)  with  an 
inert  carrier. 

Friable.  Soil  that  is  brittle  and  easily  crumbled. 

Fuel.  Any  substance  or  composite  mixture  that  can  ignite  and 
burn. 


Fuel  Break.  A  wide  strip  with  a  low  amount  of  fuel,  usually  grass, 
in  a  brush  or  wooded  area  to  provide  soil  cover  and  serve 
as  a  line  of  fire  defense.  It  may  contain  a  firebreak  in  the 
center. 
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Gavage.  Feeding  by  way  of  a  tube  inserted  into  the  stomach. 

Gene.  The  basic  unit  of  heredity.  Each  gene  occupies  a  specific 
place  (locus)  on  a  chromosome. 

Genotoxic.  Harmful  to  genetic  material  (DNA). 

Germ  Cell.  A  functional  sex  cell  that  combines  with  the  opposite 
sex  cell  for  fertilization,  for  example,  sperm,  egg. 

Global  82.  A  computer  program  by  Howe  and  Crump  (1982)  used 
to  fit  the  multistage  or  one-hit  models  to  experimental 
cancer  data. 

Ground  Water.  Subsurface  water  that  is  in  the  zone  of  saturation. 
The  top  surface  of  the  ground  water  is  the  "water  table." 
Source  of  water  for  wells,  seepage,  springs. 
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Habitat.  The  natural  abode  of  a  plant  or  animal,  including  all  bi- 
otic,  climatic,  and  edaphic  factors  affecting  life. 

Half-life.  The  amount  of  time  required  for  half  of  a  compound 
to  degrade. 

Half-shrub.  A  plant  with  a  woody  base  whose  annually  produced 
stems  die  each  year. 

Hazard.  The  characteristic  of  an  item  or  substance  that  renders 
it  capable  of  producing  injury  or  illness. 

Hazard  Analysis.  The  determination  of  whethera  particular  chem- 
ical is  or  is  not  causally  linked  to  particular  harmful  effects. 

HDT.  Highest  dose  tested. 

Hectare  (ha).  10,000  square  meters,  or  approximately  2.47  acres. 

Hematocrit.  The  percentage  by  volume  of  red  blood  cells  in  a 
given  volume  of  blood. 

Hemoglobin.  The  iron-containing  compound  in  red  blood  cells 
that  functions  to  carry  oxygen  from  the  lungs  to  the  tissues. 

Hepatoma.  A  tumor  of  the  liver. 

Herbaceous.  A  plant  that  does  not  develop  persistent  woody 
tissue  above  the  ground. 

Herbicide.  A  chemical  used  to  control,  suppress,  or  kill  plants, 
or  to  severely  interrupt  their  normal  growth  processes. 

Herbivore.  A  plant-eating  animal. 

Heritable.  Capable  of  being  passed  on  from  parents  to  offspring. 

Histology.  The  study  of  the  microscopic  structure  of  tissue. 

Histopathologic.  Referring  to  tissuechangescharacteristic  of  dis- 
ease. 

Horizon.  A  layer  of  soil  or  soil  material  approximately  parallel 
to  the  land  surface  and  differing  from  adjacent  related  layers 
in  physical,  chemical,  and  biological  properties  and  charac- 
teristics. 

Hot  Desert.  An  arid  region  where  the  winters  are  mild. 

Hydrolysis.  Decomposition  or  alteration  of  a  chemical  substance 
by  water. 
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Hyperplasia.  An  excessive  proliferation  of  normal  cells  in  the 
tissue  of  an  organ. 

Hypertrophy.  An  increase  in  size  of  an  organ  or  structure  that 
does  not  involve  tumor  formation. 


Igneous  Metamorphic.  Metamorphic  rocks  that  have  been  phys- 
ically and  chemically  changed  by  intense  pressure  and  heat. 

Illuviatlon.  Accumulation  in  a  lower  soil  horizon  of  materials 
brought  down  from  a  higher  horizon. 

In  Vitro.  Pertaining  to  a  test  that  is  conducted  outside  the  living 
body  in  an  artificial  environment,  such  as  a  test  tube  or  petri 
dish. 

In  Vivo.  Pertaining  to  a  test  that  is  performed  within  the  living 
body  of  an  organism. 

Integrated  Pest  Management.  The  selection,  integration,  and  im- 
plementation of  treatment  methods  based  on  predicted  eco- 
logic,  sociologic,  and  economic  effects. 

Intermittent  Stream.  A  stream  that  flows  only  at  certain  times  of 
the  year  when  it  receives  water  from  springs  or  from  some 
surface  source,  such  as  melting  snow. 

Intraperitoneal.  Related  to  a  structure  or  process  occurring 
within  the  peritoneum,  a  membranous  lining  of  the  body  cav- 
ity. 

Intravenous.  Within  or  into  a  vein. 


Kilogram  (kg). 

pounds. 


One  thousand  grams,  or  approximately  2.2 


-L- 


Label.  All  printed  material  on  or  attached  to  a  pesticide  container 
as  required  by  law. 

Lagomorphs.  Hares  and  rabbits. 

Land  Use  Plan.  A  plan  that  provides  management  direction  on 
future  land  uses. 

Latency  Period.  The  time  between  a  stimulus  and  its  response. 

LC50.  A  lethal  concentration  rate  at  which  50  percent  of  the  test 
animals  will  be  killed.  It  is  usually  used  in  testing  fish  or  other 
aquatic  animals. 

LDcn.  The  dosage  of  toxicant,  expressed  in  milligrams  of  toxi- 
cant per  kilogram  of  animal  body  weight,  required  to  kill  50 
percent  of  the  animals  in  a  test  population  when  given  orally. 

LDT.  Lowest  dose  tested. 

Leach.  Usually  refers  to  the  movement  of  chemicals  through  soil 
by  water;  may  also  refer  to  the  movement  of  herbicides  out 
of  leaves,  stems,  or  roots  into  the  air  or  soil. 

Least  Squares  Estimation.  A  mathematical  approach  used  to  fit 
a  straight  line  (or  other  models)  so  that  the  sum  of  the 
squares  of  the  vertical  distances  of  the  data  points  from  the 
line  will  be  a  minimum. 

Litter.  The  upper  portion  of  the  organic  layer  covering  the  soil, 
consisting  of  unaltered  dead  remains  of  plants  and  animals 
whose  original  form  is  still  visible. 


Lowest  Effect  Level  (LEL).  The  lowest  dose  tested  that  results 
in  an  effect  in  a  test  organism. 

Linear  Regression.  A  mathematical  procedure  used  to  draw  a 
straight  line  that  best  fits  a  set  of  data  points  on  a  graph. 

Log-Problt  Model.  An  equation  used  to  describe  the  relationship 
between  dose  and  the  probability  of  contracting  cancer. 
This  equation  can  be  derived  by  assuming  that  humans  (or 
animals)  have  various  susceptibilities,  but  that  at  very  low 
doses  none  has  a  significant  risk. 

Lymphocyte.  A  cell  of  the  lymphatic  system,  or  a  special  type 
of  white  blood  cell. 

Lymphoma.  A  general  term  for  the  growth  of  new  tissue  in  the 
lymphatic  system. 
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Mallgnant.  Used  in  reference  to  a  tumor;  indicating  the  presence 
of  cancer  and  tending  to  grow  worse  and  spread  within  an 
organism. 

Margin  of  Safety  (MOS).  The  ratio  between  the  no-observed- 
effect  level  (NOEL)  and  the  estimated  dose. 

Meri8tematic.  Pertaining  to  the  meristem,  which  is  undifferen- 
tiated plant  cells  that  divide  to  form  all  plant  cells.  All  plant 
g  rowth  after  the  seed  stage  depends  on  meristematic  tissue. 

Mesic.  Having  moderate  rainfall  or  available  moisture. 

Metabolism.  The  chemical  changes  in  living  cells  by  which 
energy  is  provided  for  vital  processes  and  new  material  is 
assimilated. 

Metabolite.  A  product  of  one  metabolic  process  that  is  essential 
to  another  such  process  in  the  same  organism. 

Mg/kg.  Milligrams  per  kilogram. 

Mg/kg/day.  Milligrams  per  kilogram  of  body  weight  per  day. 

Microbial  Degradation.  The  breakdown  of  a  chemical  substance 
into  simpler  components  by  bacteria  or  other  microorgan- 
isms. 

Microclimate.  The  climate  of  a  specific  air  space  which  extends 
from  the  surface  to  a  height  where  the  surface  climate  is  no 
longer  different  from  the  general  local  climate." 

Microgram  (/g).  One  millionth  of  a  gram. 

Mitigate.  To  make  less  harsh  or  harmful. 

Mitigation  Measures.  Means  taken  to  avoid,  compensate  for,  rec- 
tify, or  reduce  the  potential  adverse  impacts  of  an  action. 

Mitotic.  Pertaining  to  the  process  of  cell  division  that  results  in 
two  cells  having  the  same  number  of  chromosomes  as  the 
original  cell. 

Monitoring.  The  orderly  collection,  analysis,  and  interpretation 
of  resource  data  to  evaluate  progress  toward  meeting  man- 
agement objectives. 

Montane.  Growing  in  or  inhabiting  mountain  areas. 

Multiple  Use.  A  resource  management  method  that  seeks  more 
than  one  use  from  a  resource  area. 

Multistage  Model.  An  equation  used  to  describe  the  relationship 
between  dose  and  the  probability  of  contracting  cancer. 
This  equation,  commonly  used  by  EPA,  assumes  that  sev- 
eral successive  events  must  occur  to  produce  cancer. 

Mutagen.  A  substance  that  tends  to  increase  the  frequency  or 
extent  of  genetic  mutations  (changes  in  hereditary  mate- 
rial). 
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Mutagenic.  Capable  of  producing  genetic  defects  in  an  organ- 
ism. 

Mutagenicity  Assay.  A  study  to  determine  whether  a  substance 
causes  genetic  damage.  Mutation.  A  change  in  the  genetic 
material  of  a  cell. 
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National  Ambient  Air  Quality  Standards  (NAAQS).  The  allowable 
concentrations  of  air  pollutants  in  the  air  specified  by  the 
Federal  Government  in  Title  40,  Code  of  Federal  Regula- 
tions, Part  50.  The  air  quality  standards  are  divided  into  pri- 
mary standards  (based  on  the  air  quality  criteria  and  allow- 
ing an  adequate  margin  of  safety  requisite  to  protect  public 
health)  and  secondary  standards  (based  on  the  air  quality 
criteria  and  allowing  an  adequate  margin  of  safety  requisite 
to  protect  the  public  welfare).  Welfare  includes  effects  on 
soils,  water,  crops,  vegetation,  manufactured  materials,  ani- 
mals, wildlife,  weather,  visibility,  and  climate;  damage  to  and 
deterioration  of  property;  hazards  to  transportation;  and  ef- 
fects on  economic  values  and  on  personal  comfort  and  well- 
being. 

National  Wild  and  Scenic  Rivers  System.  A  system  of  nationally 
designated  rivers  and  their  immediate  environments  that 
have  outstanding  scenic,  recreational,  geologic,  fish  and 
wildlife,  historic,  cultural,  and  other  similar  values  and  are 
preserved  in  a  free-flowing  condition.  This  system  consists 
of  three  types:  (1)  recreation— rivers  or  sections  of  rivers 
readily  accessible  by  road  or  railroad  that  may  have  some 
development  along  their  shorelines  and  may  have  under- 
gone some  impoundment  or  diversion  in  the  past;  (2)  sce- 
nic— rivers  or  sections  of  rivers  free  of  impoundments,  with 
shorelines  orwatershedsstill  largely  undeveloped  but  acces- 
sible in  places  by  roads;  and  (3)  wild— rivers  or  sections  of 
rivers  free  of  impoundments  and  generally  inaccessible 
except  by  trails,  with  watersheds  or  shorelines  essentially 
primitive  and  waters  unpolluted. 

Necrosis.  Death  of  a  cell  or  group  of  cells  as  a  result  of  injury, 
disease,  or  other  pathologic  state. 

Neoplastic.  Pertaining  to  new  abnormal  tissue  formation  (neo- 
plasms). 

Neuropathy.  Any  disease  affecting  neurons,  the  fundamental 
functional  units  of  nervous  tissues. 

Neurotoxic.  Toxic  to  nerves  or  nervous  tissue. 

NOEL  (no-observed-effect  level).  The  dose  level  at  which  no 
toxic  effects  are  observed  in  a  test  organism. 

Nontarget  Vegetation.  Vegetation  that  is  nneither  expected  nor 
planned  to  be  affected. 

Noxious  Weed.  A  plant  that  causes  disease  or  has  other  adverse 
effects  on  man  or  his  environment  and  therefore  is  detrimen- 
tal to  the  agriculture  and  commerce  of  the  United  States  and 
public  health.  Noxious  weeds  are  designated  and  regulated 
by  various  State  and  Federal  laws.  In  most  cases,  noxious 
weeds  are  also  nonnative  species. 

Nucleic  Acid.  A  group  of  complex  molecules  found  in  cells,  com- 
posed of  phosphoric  acid,  sugars,  and  nitrogen  bases.  In- 
cludes DNA  and  RNA. 


ODT.  Only  dose  tested. 


Omnivorous.  Eating  both  animal  and  vegetable. 

Omphalocele.  A  congenital  hernia  of  the  navel. 

Oncogenic.  Capable  of  producing  or  inducing  tumors  in  animals, 
either  benign  (noncancerous)  or  malignant  (cancerous). 

Oncology.  The  branch  of  medicine  for  the  study  of  tumors. 

One-hit  Model.  An  equation  used  to  describe  the  relationship  be- 
tween dose  and  the  probability  of  contracting  cancer.  This 
equation,  used  at  one  time  by  EPA,  predicts  the  greatest 
cancer  probability  at  low  doses  of  all  commonly  used  mod- 
els. 

Organic  Material.  An  accumulation  of  decayed  and  resynthes- 
ized  plant  and  animal  residues  with  a  high  capacity  for  hold- 
ing water  and  nutrients. 

Orographic.  Associated  with  the  presence  of  mountains. 

Ossification.  The  formation  of  bone. 


-P- 

Paleontology.  A  science  dealing  with  life  of  past  geological  pe- 
riods as  known  from  fossils. 

Papillary.  Resembling  or  composed  of  small  protuberances  or 
elevations. 

Parenteral.  Injection  of  a  substance  into  the  body  through  any 
route  other  than  the  digestive  tract. 

Particulates.  Finely  divided  solid  or  liquid  particles  in  the  air  or 
in  an  emission;  includes  dust,  smoke  fumes,  mist,  spray,  and 
fog. 

Pathology.  The  study  of  the  nature  and  cause  of  disease  with 
respect  to  functional  and  structural  changes. 

Pedogenlc.  The  process  of  soil  formation- 
Perennial  Plant.  A  plant  that  completes  its  life  cycle  in  more  than 
2  years. 

Perennial  Stream.  A  stream  that  flows  continuously  year  round. 

Persistence.  The  resistance  of  a  pesticide  to  metabolism  and  en- 
vironmental degradation. 

Pesticide.  As  defined  by  FIFRA,  any  substance  or  mixture  of  sub- 
stances intended  for  preventing,  destroying,  repelling,  or 
mitigating  any  pest,  and  any  substance  or  mixture  of  sub- 
stances intended  for  use  as  a  plant  regulator,  defoliant,  or 
desiccant. 

pH.  A  numeric  value  that  gives  the  relative  acidity  or  alkalinity 
of  a  substance  on  a  0  to  14  scale  with  the  neutral  point  at 
7.0.  Values  lower  than  7.0  show  the  presence  of  acids,  and 
values  greater  than  7.0  show  the  presence  of  alkalis. 

Pharmacokinetics.  The  study  of  rates  of  absorption,  metabolic 
breakdown,  and  excretion  of  chemicals  in  animals. 

Phenology.  A  branch  of  science  dealing  with  relations  between 
climate  and  periodic  biological  phenomena  such  as  bird 
migration  and  plant  flowering. 

Photochemically  Reactive.  A  property  of  substances  or  particles 
whose  structures  may  be  changed  when  solar  energy  is 
absorbed. 

Photolysis  (photodecomposltlon).  The  breakdown  of  a  sub- 
stance, especially  a  chemical  compound,  into  simpler  com- 
ponents by  the  action  of  radiant  energy,  such  as  sunlight. 

Photosynthesis.  Formation  of  carbohydrates  in  the  tissues  of 
plants  exposed  to  light. 
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Pforeaiophytes.  Plants  that  tap  into  the  water  table  or  other  sat- 
urated zone  with  their  roots. 

Phytotoxic.  Injurious  or  lethal  to  plants. 

Pituitary  Gland.  A  small,  oval  endocrine  gland  attached  by  a  stalk 
to  the  base  of  the  brain  and  consisting  of  an  anterior  and 
a  posterior  lobe.  The  gland  secretes  hormones  that  influ- 
ence body  growth  and  metabolism. 

Piayas.  Flat  land  surfaces  underlain  by  fine  sediment  or  evaporite 
minerals  deposited  from  a  shallow  lake  on  the  floor  of  a  top- 
ographic depression. 

PM1 0  (Inhalable  Particulates).  Particulate  matter  less  than  i  0  mi- 
crons in  diameter  (one  micron  is  equal  to  one-millionth  of 
a  meter). 

ppm  (parts  per  million).  A  unit  for  measuring  the  concentration 
of  a  substance,  such  as  a  pesticide,  in  a  carrier  medium, 
such  as  food  or  water.  For  example,  where  the  concentra- 
tion is  1  ppm,  the  weight  of  the  substance  is  1  millionth  the 
weight  of  the  carrier  medium;  thus,  1  ppm  is  equal  to  1  mil- 
ligram of  substance  per  kilogram  of  food  or  organism  body 
weight,  and  it  is  equal  to  1  milligram  of  substance  per  liter 
of  water. 

Prescribed  Burning.  The  planned  application  of  fire  to  wildland 
fuels  in  their  natural  or  modified  state,  under  specified  con- 
ditions of  fuels,  weather,  and  other  variables,  to  allow  the 
fire  to  remain  in  a  predetermined  area  and  achieve  site- 
specific  fire  and  resource  management  objectives. 

Pubescence.  A  covering  of  short  or  soft  hairs. 

Pulmonary.  Concerning  or  involving  the  lungs. 

Pyrolysis.  Chemical  breakdown  caused  in  the  process  of  com- 
bustion. 


Rain  Shadow.  The  region  of  diminished  rainfall  on  the  lee  side 
of  a  mountain  range,  where  the  rainfall  is  noticeably  less 
than  on  the  windward  side. 

Raptors.  Birds  of  prey,  such  as  owls,  hawks,  or  eagles. 

Reentry.  The  return  of  a  worker  to  an  area  that  has  recently  been 
treated  with  a  pesticide. 

Regolith.  Layer  of  mineral  particles  overlying  bedrock. 

Release.  Freeing  a  tree  or  group  of  trees  from  competition  by 
cutting  or  otherwise  eliminating  growth  that  is  overtopping 
or  closely  surrounding  it. 

Relict.  A  remnant  or  fragment  of  a  flora  that  remains  from  a 
former  period  when  it  was  more  widely  distributed. 

Renal  Tubule.  The  functional  unit  of  the  kidney  where  urine  is 
formed;  nephron. 

Residue.  The  quantity  of  an  herbicide  or  its  metabolites  re- 
maining in  or  on  soil,  water,  plants,  animals,  or  surfaces. 

Resorption.  Act  of  removal  by  absorption. 

Resource  Management  Plan.  A  multiple-use  plan  that  provides 
management  direction  for  all  Federal  resources.  It  is  often 
supplemented  by  more  detailed,  site-specific  management 
plans  for  a  particular  land  use  activity,  such  as  livestock  graz- 
ing. 

Rhizome.  An  underground  roof-like  stem  that  produces  roots 
and  leafy  shoots  and  provides  a  means  for  some  plants  to 
reproduce. 


Rlmrock.  An  overlying  strata  of  resistant  rock  of  a  plateau  that 
projects  from  the  surrounding  soil  to  form  a  vertical  face. 

Riparian.  The  banks  and  adjacent  areas  of  water  bodies,  water 
courses,  seeps,  and  springs.  These  waters  provide  soil  mois- 
ture sufficiently  in  excess  of  that  otherwise  available  locally 
to  provide  a  more  moist  habitat  than  that  of  contiguous  flood 
plains  and  uplands. 

Risk.  The  likelihood  that  a  given  exposure  to  an  item  or  sub- 
stance that  presents  a  certain  hazard  will  produce  illness  or 
injury. 

Risk  Analysis.  The  description  of  the  nature  and  often  the  mag- 
nitude of  risk  to  organisms,  including  attendant  uncertainty. 

Riverine.  Pertaining  to  a  river. 

Rosette.  A  cluster  of  leaves  in  crowded  circles  or  spirals  arising 
basally  from  a  crown  or  apically  from  an  axis  with  greatly 
shortened  internodes. 

Runoff.  That  part  of  precipitation,  as  well  as  any  other  flow  con- 
tributions, that  appears  in  surface  streams,  either  perennial 
or  intermittent. 

Rural.  A  city  with  less  than  2,500  inhabitants. 


-S- 

Safety  Factor.  A  factor  conventionally  used  to  extrapolate  human 
tolerances  for  chemical  agents  from  no-observed-effect  lev- 
els in  animal  test  data. 

Salmonella.  A  genus  of  bacteria  used  in  mutagenicity  testing. 

Savanna.  A  grassland  with  scattered  trees,  whether  as  individ- 
uals or  clumps;  often  a  transitional  type  between  true  grass- 
land and  forest. 

Sclerophyllus.  Hard-leaved;  referring  to  plants  with  evergreen 
leaves  that  are  heavily  cutinized  or  waxy  and  show  resis- 
tance to  desiccation  under  conditions  of  extreme  drought. 

Scoping.  The  process  by  which  significant  issues  relating  to  a 
proposal  are  identified  for  environmental  analysis.  Scoping 
includes  eliciting  public  comment  on  the  proposal,  evaluat- 
ing concerns,  and  developing  alternatives  for  consideration. 

Sediment.  Organic  matter  or  soil  that  settles  to  the  bottom  of  a 
liquid. 

Sedimentary.  Rocks  that  are  formed  from  sediment  or  from  trans- 
ported fragments  deposited  in  water. 

Semlcontolldated.  Material  that  is  somewhat  loosely  aggre- 
gated. 

Sensitive  Species  (Plants).  Plant  species  not  officially  listed  as 
threatened  or  endangered  but  that  are  undergoing  a  status 
review  or  are  proposed  for  listing  by  either  Federal  Register 
notices  published  by  the  Secretary  of  the  Interior  or  Secre- 
tary of  Commerce  or  by  comparable  State  documents. 

Serai  Community.  One  of  a  series  of  biotic  communities  that 
follow  one  another  in  time  on  any  given  area. 

Shrub.  A  plant  with  persistent  woody  stems  and  a  relatively  low 
growth  habit;  usually  produces  several  basal  shoots  instead 
of  a  single  bole.  A  shrub  differs  from  a  tree  by  its  low  stature 
(less  than  16  feet)  and  nonarborescent  form. 

Silviculture.  The  care,  harvest,  and  regeneration  of  stands  of 
timber,  including  preparing  sites  for  reforestation,  planting 
trees,  controlling  competing  vegetation,  thinning,  fertiliz- 
ing, controlling  insects  and  disease,  and  applying  various 
harvest  systems. 
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Slster  Chromatid  Exchange  (SCE).  A  short-term  test  conducted 
with  laboratory  cell  cultures  to  assess  the  genetic  damage 
caused  by  a  chemical  or  physical  influence. 

Site  Preparation.  The  removal  of  slash  and/or  competing  vege- 
tation and  usually  the  exposure  of  bare  mineral  soil  to  pre- 
pare an  area  for  regeneration. 

Slash.  The  residue  left  on  the  ground  after  timber  cutting  and/or 
accumulating  as  a  result  of  storm,  fire,  or  other  damage.  It 
includes  unused  logs,  uprooted  stumps,  broken  stems, 
branches,  twigs,  leaves,  bark,  and  chips. 

Soil  Compaction.  The  compression  of  the  soil  profile  from  sur- 
face pressure,  resulting  in  reduced  air  space,  lower  water- 
holding  capacity,  and  decreased  plant  root  penetrability. 

Soil  Profile.  A  vertical  section  of  soil  that  shows  all  horizons  and 
parent  material. 

Sorption.  The  process  of  taking  up  or  holding  by  either  absorp- 
tion or  adsorption. 

Spot  Treatment.  Application  of  an  herbicide  to  a  small  selected 
area  as  opposed  to  broadcast  application. 

Stand.  A  group  of  trees  or  other  growth  occupying  a  specific  area 
and  sufficiently  uniform  in  species  composition,  age, 
arrangement,  and  other  conditions  to  be  distinguishable 
from  the  forest,  other  growth,  or  other  land  cover  on  adjoin- 
ing areas. 

State  Historic  Preservation  Officer  (SHPO).  The  official  within 
each  State  authorized  by  the  State  at  the  request  of  the  Sec- 
retary of  the  Interior  to  act  as  liaison  for  implementing  the 
National  Historic  Preservation  Act  of  1966. 

Subchronlc.  The  effects  observed  from  doses  that  are  of  inter- 
mediate duration,  usually  3  months  (90  days). 

Subcutaneous.  Beneath  the  skin,  or  to  be  introduced  beneath 
the  skin. 

Surfactant.  A  material  that  improves  the  emulsifying,  dispersing, 
spreading,  wetting,  or  other  surface-modifying  properties  of 
liquids. 

Systemic  Herbicide.  An  herbicide  that  is  moved  within  the  plant. 
In  a  more  restricted  sense,  refers  to  herbicides  that  are 
applied  to  the  foliage  and  move  downward  through  the  liv- 
ing tissue  to  underground  parts. 

Systemic  Toxicity.  Effects  produced  as  a  result  of  the  distribution 
of  a  poison  or  foreign  substance  from  the  point  of  exposure 
to  a  distant  site  within  the  body. 
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T3.  Triiodothyronine.  A  chemical  measured  in  tests  that  evaluate 
the  functioning  of  the  thyroid  gland. 

T4.  Tetraiodothyronine.  A  chemical  measured  in  tests  that  eval- 
uate the  functioning  of  the  thyroid  gland. 

Tableland.  A  flat,  elevated  region  such  as  a  mesa  or  a  plateau. 

Target  Plants.  Species  on  which  biological,  chemical,  mechan- 
ical, or  manual  treatments  may  be  focused,  on  selected 
sites,  under  certain  conditions,  to  meet  specific  manage- 
ment objectives  on  the  treatment  site. 

Target  Species.  Plant  species  of  competing  vegetation  that  is  con- 
trolled in  favor  of  desired  species. 


Teratogen.  A  substance  tending  to  cause  developmental  malfor- 
mations in  unborn  human  or  animal  offspring. 

Teratogenesis.  The  development  of  abnormal  structures  in  an 
embryo. 

Teratogenic.  Capable  of  producing  or  inciting  the  development 
of  malformations  in  an  embryo. 

Teratology.  The  study  of  malformations  in  organisms. 

Thiourea.  A  colorless  crystalline  form  of  urea  containing  sulfur 
in  place  of  oxygen. 

Threatened  Species.  Plant  or  animal  species  that  are  not  in 
danger  of  extinction  but  are  likely  to  become  so  within  the 
foreseeable  future  throughout  all  or  a  significant  portion  of 
their  range. 

Threshold.  A  dose  or  exposure  below  which  there  is  no  apparent 
or  measurable  adverse  effect. 

Threshold  Limit  Value  (TLV).  The  concentration  of  an  airborne 
constituent  to  which  workers  may  be  exposed  repeatedly, 
day  by  day,  without  adverse  effect. 

Thymus.  A  relatively  small  organ  located  in  the  upper  chest  that 
is  important  in  the  development  of  the  immune  system  in 
newborn  and  young  animals. 

Thyroid  Gland.  A  large,  ductless  gland  lying  in  front  of  and  on 
either  side  of  the  trachea  that  secretes  thyroxine,  which  reg- 
ulates the  growth  of  the  body. 

Thyroid  Stimulating  Hormone  (TSH).  A  chemical  secreted  by  the 
pituitary  gland  intended  to  cause  the  thyroid  gland  to  pro- 
duce its  hormones. 

Tiering.  The  coverage  of  general  matters  in  broad  environmental 
impact  statements  (such  as  national  prog  ram  or  policy  state- 
ments) with  subsequent  narrower  statements  or  environ- 
mental analysis  (such  as  regional  program  statements  or, 
ultimately,  site-specific  statements).  These  narrower  state- 
ments reference  the  general  discussions  and  concentrate 
solely  on  the  issues  specific  to  the  region  or  site. 

Toxicity.  A  characteristic  of  a  substance  that  makes  it  poisonous. 

Toxicology.  The  science  dealing  with  the  study  of  the  adverse 
biological  effects  of  chemicals. 

Tree.  A  woody  perennial,  usually  a  single-stemmed  plant,  that 
has  a  definite  crown  shape  and  characteristically  reaches 
a  mature  height  of  at  least  16  feet.  Some  plants  may  grow 
as  either  trees  or  shrubs. 

Tumor.  A  new  growth  of  tissue  that  forms  an  abnormal  mass  and 
performs  no  physiologic  function.  It  usually  develops  inde- 
pendent of  and  unrestrained  by  the  normal  principles  of  bio- 
logical growth. 

Tumorigenesis.  The  formation  and/or  development  of  a  tumor 
(oncogenesis). 


-U- 

Unconsolldated.  Material  that  is  loosely  arranged  and  whose  par- 
ticles are  not  cemented  together. 

Undesirable  Plants.  Species  which  occupy  or  can  potentially  oc- 
cupy a  site  in  larger  quantities  than  is  wanted  from  the  stand- 
point of  site  management  objectives. 

Urban.  A  city  with  2,500  or  more  inhabitants. 
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Volatility.  The  quality  of  evaporating  readily  at  normal  tempera- 
tures and  pressures. 

Volatilization.  The  vaporizing  or  evaporating  of  a  chemical  sub- 
stance. 


-W- 

Wettable  Powder  (WP).  A  finely  divided  dry  formulation  that  can 
be  readily  suspended  in  water. 

Westerlies.  Wind  from  the  west. 

Wilderness.  An  area  designated  by  Congress  as  part  of  the  Na- 
tional Wilderness  Preservation  System.  Wilderness  areas 
are  generally  undeveloped  Federal  lands  that  retain  their 
primeval  character  and  influence  without  improvements  or 
human  habitation. 


Wilderness  Study  Area  (WSA).  A  roadless  area  that  has  been 
found  to  have  wilderness  characteristics  and  that  is  being 
subjected  to  planning  and  public  review  to  determine  wilder- 
ness suitability. 


-X- 

Xerlc.  Having  limited  rainfall  or  available  moisture. 

Xerophytic.  Adapted  to  a  dry  environment. 

Xerorlparian.  Vegetation  zone  occurring  in  or  adjacent  to  ephem- 
eral desert  washes  or  stream  courses,  exhibiting  more  lux- 
uriant growth  as  an  influence  of  increased  available  water. 
Some  species  of  vegetation  may  be  the  same  as  occur  on 
the  adjacent  uplands,  but  the  growth  forms  are  noticeably 
larger  than  the  upland  plants. 
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SCOPING  SUMMARY 


SUMMARY  OF  SCOPING 
COMMENTS 

On  July  17,  1988,  a  Federal  Register  Notice  of 
Intent  was  published  informing  the  public  that  the 
Bureau  of  Land  Management  (BLM)  had  formed  a 
team  to  prepare  an  environmental  impact  statement 
on  the  treatment  of  vegetation  on  BLM-administered 
land  in  13  Western  States:  Arizona,  Colorado,  Idaho, 
Montana,  Nevada,  New  Mexico,  North  Dakota,  Okla- 
homa, eastern  Oregon,  South  Dakota,  Utah,  Wash- 
ington, and  Wyoming.  Shortly  thereafter,  each  BLM 
State  office  responsible  for  administering  land  in 
these  States  distributed  news  releases  about  the  EIS 
to  appropriate  local  newspapers. 

All  13  States  issued  public  notices  of  the  scoping 
period,  during  which  the  public  submitted  com- 
ments to  BLM  State  offices.  The  scoping  period 
ended  August  19,  1988,  for  nine  States:  Arizona, 
Idaho,  Nevada,  New  Mexico,  Oklahoma,  eastern  Ore- 
gon, Utah,  Washington,  and  Wyoming;  and  Sep- 
tember 30,  1988,  for  Colorado,  Montana,  North 
Dakota,  and  South  Dakota.  At  the  end  of  the  scoping 
period,  public  scoping  meetings  were  held  in  Idaho, 
New  Mexico,  Oregon,  Utah,  and  Wyoming. 

Public  response  to  a  vegetation  treatment  pro- 
gram was  limited.  Individuals  who  submitted  written 
comments  urged  BLM  to  expand  the  scope  of  the 
EIS  to  include  all  viable  alternatives  for  treatment. 
Most  of  the  public  favor  treatment  of  some  kind  to 
reduceoreliminate  noxious  weeds  and/ortarget  spe- 
cies of  various  types,  but  they  differ  on  the  method 
for  accomplishing  this.  The  ranching  industry  wants 
livestock  to  be  considered  in  the  EIS  as  a  legitimate 
management  tool  in  vegetation  treatment.  However, 
groups  concerned  with  wildlife  and  the  environment 
hope  that  the  EIS  will  lead  to  some  livestock  reduc- 
tion on  public  lands  as  a  result  of  an  alternative  treat- 
ment method. 


incorporating  wildlife  management  goals  and  non- 
chemical  treatment  into  the  treatment  program,  and 
the  Sheep  Mountain  Alliance  recommended  employ- 
ing the  principles  of  Integrated  Pest  Management 
and  restricting  chemical  use. 


Idaho 

The  Committee  for  Idaho's  High  Desert  submitted 
the  one  written  comment  requesting  that  the  EIS  con- 
sider the  loss  of  native  vegetation  species  in  the  High 
Desert. 


Montana 

Montana  submitted  five  written  comments.  The 
Montana  Audubon  Council  supports  vegetation 
treatment  that  would  improve  forage  and  watershed 
conditions,  and  wildlife  forage,  and  also  is  interested 
in  biological,  chemical,  and  mechanical  methods  to 
control  weeds  and  stimulate  growth  of  desirable 
plants. 

Other  written  comments  included  a  letter  from  an 
individual  attacking  the  ranching  industry;  another 
asking  BLM  to  increase  forage  for  ranching  and  pro- 
tect clean  water;  and,  finally,  a  general  comment  on 
leafy  spurge. 


New  Mexico 

Eight  oftheforms  New  Mexico  distributed  request- 
ing comment  were  returned.  The  returned  forms 
included  the  following  comments:  Wildlife  should  be 
protected;  only  burning  and  biological  treatment 
should  be  used  to  enhance  forage  for  livestock; 
brush  control  is  a  good  alternative;  herbicides  and 
aerial  application  are  acceptable  alternatives;  herbi- 
cides are  favored  for  creosote  bush;  and  the  Inte- 
grated Management  approach  received  support. 


Written  Comments 

The  following  is  a  summary  of  the  written  com- 
ments that  each  State  submitted. 


Colorado 

Colorado  submitted  two  written  comments.  The 
State  of  Colorado  Division  of  Wildlife  recommended 


Nevada 

The  State  Director  offered  the  one  written  com- 
ment requesting  that  the  scope  of  the  EIS  be 
expanded  to  include  methods  other  than  chemical 
treatment. 
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North  Dakota 

The  one  written  comment  received  was  an  edito- 
rial comment  against  the  ranching  industry  and  was 
unrelated  to  the  EIS. 


Oregon 

The  one  written  submission  was  from  the  State 
Director  who  requested  that  the  EIS  be  expanded  to 
include  vegetation  management  associated  with  lin- 
ear and  aerial  rights-of-way,  administrative  sites, 
agricultural  and  other  leases,  and  nonexclusiveease- 
ments  or  agreements  for  other  purposes. 


Utah 

Utah  submitted  four  written  comments.  One  com- 
ment supported  brush  control;  the  second  sup- 
ported railing  trees  and  brush  and  using  tebuthiuron 
to  control  sagebrush;  the  third  supported  chaining, 
hand  cutting,  and  using  herbicides  on  juniper;  and 
the  fourth  supported  using  herbicides  to  control  nox- 
ious weeds  and  allowing  permittees  more  responsi- 
bility in  determining  the  proper  vegetation  treat- 
ment. 


Wyoming 

The  State  of  Wyoming  offered  one  package  of 
commentsfrom  several  department  heads.  The  pack- 
age included  comments  from  the  following:  the  Geo- 
logical Survey,  which  asked  that  selenium- 
accumulator  vegetation  be  listed  among  the 
undesirable  plants;  the  Governor's  Range  Analyst, 
who  offered  assistance;  the  Department  of  Environ- 
mental Quality,  which  expressed  concern  about 
water  quality;  and  the  Wyoming  State  Archives, 
Museums  &  Historical  Department,  which  was  inter- 
ested in  cultural  resources. 

Other  comments  included  the  following:  the  Wyo- 
ming Wildlife  Federation  suggested  reducing  live- 
stock on  public  lands;  they  also  were  concerned 
about  chemical  and  mechanical  treatments  and  con- 
trolled burning.  The  Wyoming  Public  Lands  Council 
and  the  Wyoming  Wool  Growers  Association  asked 
that  livestock  be  considered  a  management  tool;  and 
a  former  grazing  advisory  board  member  asked  that 
the  EIS  scope  be  expanded  to  include  herbicides. 
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NONCHEMICAL  VEGETATION  TREATMENT 

METHODS 


This  appendix  describes  the  nonchemical  treat- 
ment methods  that  would  be  available  for  use  in  the 
Bureau  of  Land  Management's  proposed  vegetation 
treatment  program.  These  methods  include  manual, 
mechanical,  and  biological  treatments,  and  pre- 
scribed burning.  (Vegetation  treatment  with  herbi- 
cides is  described  in  Section  E2  of  Appendix  E,  the 
herbicide  risk  assessment.)  Most  areas  would 
receive  only  one  type  of  treatment,  but  a  combina- 
tion of  these  methods  can  be  used,  based  on 
resource  needs  and  legal  requirements.  For  exam- 
ple, herbicide  may  be  applied  to  areas  to  desiccate 
vegetation  that  is  then  burned,  sprouting  vegetation 
following  burning  may  be  sprayed  with  herbicide,  or 
herbicides  may  be  applied  along  with  some  type  of 
biological  treatment. 


MANUAL  METHODS 

Hand-operated  power  tools  and  hand  tools  would 
be  used  in  manual  vegetation  treatment  to  cut,  clear, 
or  prune  herbaceous  and  woody  target  species  or 
to  enhance  site  conditions  for  desired  plants.  Under 
the  proposed  action,  approximately  4  percent  of  the 
treatment  areas  (about  14,000  acres)  would  be 
treated  in  this  manner.  In  manual  treatment,  workers 
would  cut  plants  above  ground  level;  pull,  grub,  or 
dig  out  plant  root  systems  to  prevent  subsequent 
sprouting  and  regrowth;  scalp  at  ground  level  to 
remove  competing  plants  around  desirable  vegeta- 
tion; or  place  mulch  around  desirable  vegetation  to 
limit  the  growth  of  competing  vegetation. 

Workers  in  manual  treatments  would  use  tools 
such  as  the  hand  saw,  axe,  shovel,  rake,  machete, 
grubbing  hoe,  mattock  (combination  of  axe  and 
grubbing  hoe),  brush  hook,  or  hand  clippers.  Axes, 
shovels,  grubbing  hoes,  and  mattocks  would  be 
used  to  dig  up  and  cut  below  the  surface  to  remove 
the  main  root  of  plants  such  as  pricklypear  or  mes- 
quite  that  have  roots  that  can  quickly  resprout  in 
response  to  surface  cutting  or  clearing.  Workers  in 
manual  treatments  may  also  use  power  tools,  such 
as  chain  saws  and  power  brush  saws,  particularly 
where  undesirable  plants  have  thick  stems. 

Although  manual  treatment  of  vegetation  is  labor 
intensive  and  costly  compared  to  prescribed  burn- 
ing or  herbicide  application,  it  can  be  far  more  spe- 
cies selective  and  can  be  used  in  sensitive  habitats 


where  burning  or  herbicides  would  not  be  appropri- 
ate or  in  areas  that  are  inaccessible  to  ground  vehi- 
cles. 


MECHANICAL  METHODS 

BLM  would  use  tractors,  crawler-type  tractors,  or 
specially  designed  vehicles  with  attached  imple- 
ments for  mechanical  vegetation  treatments.  Me- 
chanical methods  would  be  used  on  about  15  per- 
cent (58,000  acres)  of  the  proposed  vegetation 
treatment  areas.  The  best  mechanical  method  for 
treating  undesirable  plants  in  a  particular  location 
would  depend  on  (1)  characteristics  of  the  undesir- 
able species  present  (for  example,  density,  stem 
size,  brittleness,  and  sprouting  ability);  (2)  need  for 
seedbed  preparation  and  revegetation;  (3)  topogra- 
phy and  terrain;  (4)  soil  characteristics  (for  example, 
type,  depth,  amount  and  size  of  rocks,  erosiveness, 
and  susceptibility  to  compaction);  (5)  climatic  con- 
ditions; and  (6)  potential  cost  of  improvement  com- 
pared to  expected  productivity. 


Chaining 

During  chaining  operations,  workers  would  use 
heavy  (40  to  90  pounds  per  link)  anchor  chains 
pulled  behind  two  crawler-type  tractors  in  a  "U"  or 
"J"  pattern.  The  chain  may  be  of  various  sizes  (gener- 
ally 250  to  300  feet  long)  and  may  weigh  up  to  32,000 
pounds.  The  width  of  each  swath  would  vary  from 
75  feet  to  120  feet,  depending  on  the  specifications 
of  a  given  project.  Chaining  is  best  suited  for  crush- 
ing brittle  brush  and  uprooting  more  mature,  woody 
varieties,  such  as  big  sagebrush,  mesquite,  pinyon, 
and  juniper.  Chaining  is  versatile  because  it  can  be 
conducted  on  irregular,  moderately  rocky  terrain 
with  slopes  of  up  to  20  percent.  Though  the  uproot- 
ing and  dragging  of  plant  debris  may  cause  moder- 
ate soil  disturbance,  the  plant  debris  may  be  left  in 
place  to  minimize  runoff  and  erosion.  Depending 
upon  the  specific  site  characteristics  and  vegetation 
treatment  plan,  the  chained  plant  debris  could  also 
be  burned  to  enhance  the  efficiency  of  the  vegeta- 
tion treatment  and  to  facilitate  vegetation  seeding. 
Burning  vegetation  after  chaining  could  also 
improve  scenic  values  and  eliminate  potential  hab- 
itats for  rodents  during  seeding  establishment.  A 
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seed  mix  would  be  applied  during  most  chaining 
projects  to  increase  ground  coverand  forage  produc- 
tion. 

The  standard  anchor  chain  is  best  suited  for 
mature  stands  of  pinyon-juniper  and  tall  stands  of 
sagebrush  where  understory  plants  are  well  estab- 
lished. This  chain  can  also  be  used  with  good  results 
on  other  sites  where  a  lower  degree  of  plant  removal 
is  desired  (suppression  orthinning).  Single  chaining 
(one  pass  of  the  chain)  would  be  used  when  desired 
removal  of  the  target  species  is  less  than  50  percent. 
However,  if  the  area  to  be  treated  requires  a  higher 
degree  of  plant  removal,  double  chaining  (two 
passes  in  opposite  directions)  would  be  used.  De- 
pending upon  site  conditions,  the  acreage  chained 
per  day  would  vary  from  50  to  100  acres. 

Modified  anchor  chains  (often  referred  to  as  the 
"Ely  Chain")  would  be  used  where  a  higher  degree 
of  plant  removal  is  desired.  This  type  of  chain  is  com- 
posed of  a  regular  ship  anchor  chain  modified  by 
welding  2- to  3-foot  segments  of  railroad  rail  or  auto- 
mobile axles  perpendicular  to  each  link.  It  is  also 
effective  where  soil  scarification  and  seedbed  prep- 
aration is  necessary. 

Similar  to  chaining,  disk  chaining  uses  a  modified 
anchor  chain  with  plow  disks  welded  to  alternate 
links.  The  chain  is  towed  behind  crawler-type  trac- 
tors and  plows  a  swath  of  about  30  feet.  It  would 
often  be  used  in  combination  with  cyclone  seeders 
and  roller  compactors  to  aid  in  the  revegetation  pro- 
cess. The  disk  chain  has  been  adapted  for  use  on 
terrain  that  precludes  use  of  the  brushland  plow 
(described  below),  especially  in  irregular  areas  and 
rocky  soils,  so  it  is  not  quite  as  effective  in  plant 
removal  and  typically  achieves  75  percent  vegeta- 
tion suppression. 


Tilling  and  Drilling  Seed 

Tilling  (disk  or  chisel  plowing)  would  involve  the 
use  of  angled  disks  or  pointed  metal-toothed  imple- 
ments to  uproot,  chop,  and  mulch  nearly  all  herba- 
ceous vegetation.  This  nonselective  technique 
would  be  used  when  complete  plant  removal  orthin- 
ning is  desired  in  conjunction  with  a  seeding  oper- 
ation. Chisel  plowing  would  also  be  used  to  break 
up  soil  hardpan  or  hard  soil  clay  layers.  Tilling  has 
the  advantage  of  leaving  considerable  mulch  at  or 
near  the  soil  surface,  which  encourages  the  growth 
of  newly  planted  seeds. 

Tilling  is  most  commonly  done  with  a  brushland 
plow  consisting  of  an  arrangement  of  angled  disks 
on  a  single  axle  that  covers  a  swath  of  about  10  feet. 
A  crawler-type  tractor  or  a  large  four-wheel  drive 
farm  tractor  would  be  used  to  tow  the  offset  disk 
plow,  which  has  multiple  rows  of  disks  set  at  dif- 
ferent angles  to  one  another  (USDA  1980).  This 


treatment  would  normally  be  used  on  smooth  terrain 
with  deeper  soils  that  are  generally  free  of  rocks. 
Sagebrush  and  similar  shrubs  are  the  typical  target 
species.  The  brushland  plow  would  be  used  where 
near-95-percent  plant  suppression  is  desired. 

Drilling  seed  is  a  seed-planting  operation  that  is 
often  conducted  in  conjunction  with  tilling.  The  seed 
drills  are  tractor-towed  or  tractor-mounted  imple- 
ments that  consist  of  a  series  of  furrow  openers, 
seed  metering  devices,  seed  hoppers,  and  seed  cov- 
ering devices.  These  devices  on  the  seed  drill  facil- 
itate the  opening  of  a  small  furrow  in  the  seedbed, 
the  depositing  of  a  measured  portion  of  seed  in  the 
furrow,  and  the  closing  of  the  furrow  to  cover  the 
seed.  Seed  drills  are  best  suited  for  seed  operations 
on  smooth,  well-prepared  seedbeds.  Areas  of  rocky 
ground,  rough  terrain,  and  brush  snags  limit  the  use 
of  seed  drills,  although  slower  operating  speeds  and 
careful  maintenance  generally  allows  seed  drills  to 
withstand  the  rigors  of  rangeland  use. 


Mowing 

Mowing  tools  would  be  used  to  cut  herbaceous 
and  woody  vegetation  above  the  ground  surface. 
These  operations  would  be  conducted  primarily 
along  highway  rights-of-way  to  reduce  fire  hazards, 
improve  vision,  prevent  snow  buildup,  or  improve 
the  overall  appearance  of  these  areas.  Rotary  mow- 
ers and  straight-edged  cutter  bar  mowers  may  be 
used  for  these  purposes.  A  rotary  mower  can  cover 
up  to  a  15-foot  swath,  while  straight-edged  cutter 
bar  mowers  have  a  variety  of  swath  widths.  The 
rotary  type  mower  would  be  more  commonly  used 
because  of  its  versatility  and  low  maintenance  costs. 


Roller  Chopping  and  Cutting 

Roller  chopping  tools  use  the  rolling  action  of 
heavy  bladed  drums  to  cut  and  crush  vegetation  up 
to  5  inches  in  diameter.  The  drums  would  be  pulled 
by  crawler-type  tractors,  farm  tractors,  or  a  special 
type  of  self-propelled  vehicle  designed  for  forested 
areas  or  range  improvement  projects.  Cutting  tools 
include  several  different  special  shearing  blades 
mounted  on  crawler  tractors.  Like  mowing  and  roller 
chopping,  vegetation  would  be  cut  above  the  ground 
line  to  provide  a  cleared  area  ready  for  direct  seed- 
ing or  planting. 


Blading 

In  blading,  a  crawler-type  tractor  blade  shears  off 
small  brush  at  ground  level.  Often  topsoil  is  scraped 
and  removed  with  the  brush  and  piled  into  windrows 
during  this  operation.  Blading  is  effective  only  on 
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certain  undesirable  plant  species  and  is  limited  to  rel- 
atively level  areas. 


Grubbing 

A  crawler-type  tractor  with  a  brush  rake  or  root 
rake  attachment  would  be  used  for  grubbing.  The 
rake  attachment  is  a  multitoothed  adaptation  of  the 
standard  dozer  blade  with  a  row  of  curved  teeth  pro- 
jecting forward  at  the  base  of  the  blade.  The  teeth, 
placed  below  the  ground  surface,  would  be  used  to 
uproot  brush  and  comb  the  roots  from  the  soil.  The 
effects  on  perennial  grasses  would  be  severe,  so 
grubbed  areas  would  generally  be  reseeded  to  pre- 
vent extensive  runoff  and  erosion. 


BIOLOGICAL  METHODS 

Biological  methods  of  vegetation  treatment  would 
employ  living  organisms  to  selectively  suppress, 
inhibit,  or  control  herbaceous  and  woody  vegeta- 
tion. This  method  is  considered  to  mimic  most 
closely  the  natural  processes  of  the  ecosystem 
because  it  uses  plant-eating  organisms  and  pre- 
cludes the  use  of  mechanical  devices,  chemical  treat- 
ments, or  burning  of  undesirable  vegetation.  Biolog- 
ical methods  would  be  used  on  approximately  16 
percent  (60,000  acres)  of  BLM's  vegetation  treat- 
ment program  areas. 

Controlled  grazing  by  herbivorous  animals,  such 
as  cattle,  sheep,  and  goats,  would  be  used  as  a  bio- 
logical method  of  vegetation  treatment.  Insects, 
pathogens,  or  a  combination  of  the  two  biological 
control  agents  may  be  introduced  into  an  area  of  nox- 
ious weeds  or  undesirable  vegetation  to  selectively 
feed  on  targeted  plants.  Insect  and  pathogen  biolog- 
ical vegetation  treatments  have  not  been  used  to  any 
great  extent  in  the  United  States  during  the  past  5 
to  10  years.  Many  of  the  biological  control  agents 
are  still  considered  to  be  in  the  experimental  phase. 


Use  of  Herbivorous  Animals 

Biological  vegetation  treatment  by  herbivores  is 
effective  when  the  right  combination  of  animals,  sea- 
son, and  stocking  rate  results  in  heavy  feeding  on 
the  undesirable  or  less  desirable  plants  to  the  com- 
petitive advantage  of  the  desirable  plants.  BLM 
range  management  plans  would  coordinate  prop- 
erly timed  high-intensity,  short-duration  grazing  to 
prevent  seed  set  of  undesirable  target  plant  species 
and  reduce  resource  competition  on  desirable  plant 
species.  The  numbers  of  livestock  used  in  an  area 
would  be  increased  to  a  point  where  target  vegeta- 


tion is  effectively  removed.  The  effectiveness  of 
grazing  for  vegetation  treatment  depends  on  (1)  the 
size  of  the  area,  (2)  the  degree  of  treatment  required, 
(3)  the  types  and  amounts  of  woody  and  herbaceous 
species  present,  and  (4)  the  feeding  selectivity  of  the 
animals  used. 

Cattle  are  primarily  grass  eaters,  although  they 
consume  some  shrubs  and  forbs.  Sheep  consume 
numerous  forbs  and  many  shrubs  and  grasses,  while 
goats  tend  to  consume  large  quantities  of  woody 
browse.  Using  a  systematic  plan  for  animal  feeding, 
several  targeted  plant  species'  top  growth  can  be 
reduced  throughout  the  year.  I  n  addition,  a  balanced 
program  of  feeding  of  domestic  livestock  can  pro- 
vide a  suitable  seasonal  habitat  for  other  wildlife. 
Using  cattle  and  sheep  in  the  spring  and  early 
summer  has  demonstrated  a  thinning  of  understory 
forbs  and  grasses  while  increasing  the  vegetative 
output  of  desirable  shrubs  for  winter  browsing  by  elk 
and  other  wildlife  (Vallentine  1980). 


Insects 

Biological  manipulation  of  vegetation  through  a 
complex  of  insects  has  proven  effective  in  several 
specific  cases.  However,  a  specific  host  plant- 
phytophagous  insect  relationship  is  necessary  to 
reduce  the  population  of  the  target  plant  species  to 
a  status  of  little  or  no  significance.  Before  introduc- 
tion, the  insects  must  be  determined  to  be  (1)  highly 
damaging  to  the  targeted  plant  species,  (2)  highly 
specific  to  the  host  target  plant  and  harm  less  to  desir- 
able plants,  (3)  able  to  survive  in  the  plant's  habitat, 
(4)  free  of  natural  parasites,  and  (5)  apparently  sub- 
ject to  no  new  parasites  in  the  host  plant's  habitat 
(Vallentine  1980). 

In  most  cases,  a  complex  of  five  or  more  insects 
is  necessary  to  bring  a  plant  species  down  to  an  eco- 
nomic treatment  level.  A  period  of  15  to  20  years  is 
generally  required  to  build  up  sufficient  insect  pop- 
ulations to  bring  about  an  economic  treatment  level. 
The  introduction  of  insect  complexes  may  regulate 
the  target  plant  directly  by  infesting  the  plant's  vital 
parts  (roots,  seeds,  leaves)  or  indirectly  by  creating 
a  favorable  environment  for  infection  by  pathogenic 
agents  or  by  reducing  the  plant's  competitive  advan- 
tage in  its  present  environment.  The  purpose  of  bio- 
logical management  is  not  complete  removal,  but 
rather  reduction  of  the  plant  to  a  negligible  status. 

Insect-plant  treatment  programs  that  have  met 
with  some  success  include  use  of  the  cinnabar  moth 
and  the  ragwort  seed  fly  in  suppressing  the  growth 
and  spread  of  tansy  ragwort.  Several  insect  species 
are  being  evaluated  for  their  suitability  in  the  man- 
agement of  leafy  spurge  in  the  western  United 
States,  including  three  species  of  the  European  flea 
beetle  (Apthona  flava,  Apthona  cyparissiae,  and 
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Apthona  czwalinae);  the  leafy  spurge  hawkmoth, 
Hyles  euphorbiae;  the  stem-  and  root-boring  beetle, 
Oberea  erthyrocephala;  and  the  fly  Bayeria  capiti- 
gena.  The  thistle  head  weevil,  Rhinocyllus  conicus, 
has  proven  effective  for  controlling  the  musk  thistle 
in  Montana  and  Utah,  although  this  weevil  may  also 
infest  local  native  thistle  species.  Use  of  the  stem- 
mining  beetle,  Ceutorhynchus  litura,  for  treatment 
and  management  of  the  Canada  thistle  has  been 
established  in  Montana  and  South  Dakota  (Leinin- 
ger  1988). 


Pathogens 

Using  pathogens  to  treat  vegetation  is  somewhat 
limited  in  the  United  States,  although  several  pro- 
grams have  been  quite  successful.  The  Sclerotinia 
sclerotiorum  fungi  is  native  to  the  United  States  and 
has  been  successful  in  suppressing  spotted  knap- 
weed and  Canada  thistle.  The  pathogen  Puccinea 
carduorum  rust  species  has  been  used  in  test  pro- 
grams to  suppress  the  growth  of  musk  thistle  in  the 
United  States  through  increased  plant  stress  and 
less  resistance  to  cold,  drought,  or  attack  by  other 
biological  agents  (Leininger  1988).  Similar  pro- 
grams under  way  in  Utah  to  suppress  the  growth  of 
Dyer's  woad  have  had  some  success. 


PRESCRIBED  BURNING 

Prescribed  burning  involves  a  systematic  plan  of 
using  controlled  ignition  of  selected  land  areas 
where  burning  of  the  vegetation  would  be  expected 
to  accomplish  planned  benefits.  This  technique  of 
vegetation  management  has  several  advantages 
over  other  plant  treatment  methods.  Prescribed  fire 
is  widely  applicable  regardless  of  soil  rockiness, 
slope  steepness,  or  terrain  irregularity,  provided  suf- 
ficient fuel  is  available  to  carry  the  fire  (Vallentine 
1980). 


All  burning  would  be  conducted  in  accordance 
with  BLM's  Prescribed  Fire  Management  Policy 
(BLM  1988),  which  requires  the  preparation  of  a  pre- 
scribed burning  plan  before  every  burn.  Factors  eval- 
uated in  these  burn  plans  include  project  objectives, 
fuels  (quantity,  type,  distribution,  moisture  content), 
topography  (ruggedness,  elevation,  slope),  weather 
(temperature,  wind,  humidity),  time  of  year,  smoke 
dispersal,  and  predicted  fire  behavior  (flame  length, 
rate  of  spread)  (USDA  1988).  BLM  would  use  fuel 
models  to  set  prescription  standards  for  a  given  area 
and  would  delay  treatment  until  natural  conditions 
approach  the  optimum  prescription  before  begin- 
ning a  burn  program. 

The  actual  burn  technique  and  ignition  method 
used  on  a  particular  site  will  depend  on  site  condi- 
tions (treatment  area  size,  season,  weather  condi- 
tions, winds,  target  vegetation)  and  available  labor 
and  equipment  resources.  Many  different  ignition 
tools  are  available  for  prescribed  burning  treat- 
ments. Hand-held  tools,  such  as  pressurized  kero- 
sene drip  torches,  propane  torches,  diesel  flame- 
throwers, flares,  and  ignition  grenades,  may  be  used 
to  begin  a  prescribed  fire.  Truck- or  tractor-mounted 
flamethrowers  may  also  be  useful  where  treatment 
areas  are  large  and  accessible. 

For  areas  where  resources  permit,  helicopter- 
borne  driptorches  (helitorches)  may  be  used  to 
release  an  ignited  gelled  fuel  mixture  onto  the  treat- 
ment area.  Another  technique  using  helicopters 
involves  hollow  polystyrene  spheres  containing  po- 
tassium permanganate  that  are  injected  with  ethy- 
lene glycol  immediately  before  ejection.  The  reac- 
tion of  these  two  chemicals  ignites  the  polystyrene 
sphere  and  the  surface  fuels.  The  sphere  ignition 
technique  is  best  used  for  spot-firing  programs. 
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APPENDIX  C2 

BIOLOGICAL  CONTROL  AGENTS  INTRODUCED  AND  ESTABLISHED 
INTO  THE  UNITED  STATES  FOR  WEED  MANAGEMENT 


Target  Weed 

Biological  Control  Agent 

Country  of  Origin 

Plumeless  thistle 
Carduus  acanthoides  L. 

Rhinocyllus  conicus 

France 

Trichosirocalus  horridus 

Italy 

Musk  or  Nodding  thistle 
Carduus  nutans  L 

Rhinocyllus  conicus 

France 

Trichosirocalus  horridus 

Italy 

Italian  thistle 

Carduus  pynocephalus  L. 

Rhinocyllus  conicus 

Italy 

Trichosirocalus  horridus 

Italy 

Diffuse  knapweed 
Centaurea  diffusa  De  Lamarck 

Urophora  affinis 

Central  & 
Eastern  Europe 

Urophora  quadifasciata 

USSR 

Sphenoptera  jugoslavica 

Greece 

Pelochrista  medullana 

Austria  &  Hungary 

Cyphocleonus  achates 

Greece  &  Italy 

Spotted  knapweed 

Centaurea  maculosa  De  Lamarck 

Urophora  affinis 

Central  & 
Eastern  Europe 

Urophora  quadrifasciata 

Central  & 
Eastern  Europe 

Metzneria  paucipunctella 

Unknown 

Agapeta  zoegana 

Hungary  &  Austria 

Pterolonche  inspersa 

Italy 

Pelochrista  medullana 

Austria  &  Hungary 

Cyphocleonus  achates 

Greece  &  Italy 

Yellow  starthistle 
Centaurea  solstitialis  L. 

Urophora  jaculata 

Italy  &  Turkey 

Urophora  sirunaseva 

Greece 

Bangasternus  orientalis 

Greece 

Chaetorellia  australis 

Greece 

Russian  knapweed 
Acroptilon  repens  L. 

Subanguina  picridis 

USSR 

Rush  skeleton  weed 
Chondrilla  juncea  L. 

Cystiphora  schmidti 

Greece 

Puccinia  chondrillina 

Italy 

Eriophyes  chondrillae 
Strain  1 
Strain  2 

Italy 
Greece 

Canada  thistle 
Cirsium  arvense  Scopoli 

Altica  carduorum 

Switzerland 

Hadroplontus  litura 

Switzerland 

Urophora  cardui 

Austria  &  France 

Urophora  stilata 

Germany  &  Switzerland 

Ceutorhynchus  litura 

Germany  &  Switzerland 

Rhiinocyllus  conicus 

France 

Puccinia  punctiformis 

Unknown 
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APPENDIX  C2  (Continued) 

BIOLOGICAL  CONTROL  AGENTS  INTRODUCED  AND  ESTABLISHED 
INTO  THE  UNITED  STATES  FOR  WEED  MANAGEMENT 


Target  Weed 

Biological  Control  Agent 

Country  of  Origin 

Tansy  ragwort 
Senecio  jacobaea  L. 

Tyria  jacobaeae 
Hylemyia  seneciella 

France 
France 

Longitarsus  jacobaeae 

Italy 

Milk  thistle 

Silybum  marianum  Gaertner 

Halogeton 

Halogeton  glomeratus  (L.)  Moq 

Russian  thistle 
Salsola  australls  L. 

Rhinocyllus  conicus 

Coleophora  parthenica 

Coleophora  parthenica 
Coleophora  klimeschiella 

France  &  Italy 

Egypt  &  Pakistan 

Egypt  &  Pakistan 
Pakistan 

Cypress  spurge 
Euphorbia  cyparissias  L. 

Leafy  spurge 
Euphorbia  esula  L. 

Hyles  euphorbiae 

Hyles  euphorbiae 
Oberea  erythrocephala 

Germany 

Switzerland 
Italy  &  Hungary 

Aphthona  flava 

Italy 

Spurgia  esulae 

Italy 

Aphthona  cyparissiae 

Hungary 

Aphthona  czwalinae 

Hungary 

Aphthona  nigriscutis 

Hungary 

Scotch  broom 
Cytisus  scoparius  Link 

Leucoptera  spartifoliella 
Apion  fuscirostre 

France 
Italy 

Agonopterix  nervosa 

Europe 

Gorse 

Ulex  europaeus  L. 

Apion  ulicis 
Agonopterix  nervosa 

France 
Europe 

St.  Johnswort  (Klamath 

weed,  goatweed) 
Hypericum  perforatum  L. 

Chrysolina  hyperici 

Chrysolina  quadrigemina 
Agrilus  hyperici 

England 

France 
France 

Chrysolina  varians 

Europe 

Zeuxidiplosis  giardi 

France 

Mediterranean  sage 
Salvia  aethiopis  L. 

Dalmatian  toadflax 
Linaria  dalmatlca  Mill 

Phrydiuchus  tau 
Colophasia  lunula 

Italy 
Switzerland 

Puncture  vine 
Tribulus  terrestris  L. 

Microlarinus  lareyniei 
Microlarinus  lypriformis 

Italy 
Italy 

Bull  thistle 

Cirsium  vulgare  (Savi)  Tenore 

Urophora  stylata 
UroDhora  auadrifasciata 

Europe 
France  &  USSR 

Centaurea  pratensis  Thuill. 


C-6 


APPENDIX  C 


APPENDIX  C2  (Continued) 

BIOLOGICAL  CONTROL  AGENTS  INTRODUCED  AND  ESTABLISHED 
INTO  THE  UNITED  STATES  FOR  WEED  MANAGEMENT 


Target  Weed 


Poison  hemlock 
Conium  maculatum  L. 

Slender-flowered  thistle 
Carduus  tenuiflorus  L. 

Squarrose  knapweed 

Centaurea  virgata  var  squarrosa  L. 

Yellow  toadflax 
Linaria  vulgaris  Mill. 


Biological  Control  Agent 


Country  of  Origin 


Agonopterix  alstroemeriana 

Europe 

Rhinocyllus  conicus 

France 

Urophora  quadrifasciata 

France  &  USSR 

Gymnaetron  antirrhini 

Europe 

Btachyperolus  pulicarius 

Europe 

APPENDIX  C3 

BIOLOGICAL  CONTROL  AGENTS  INTRODUCED  INTO  THE  UNITED  STATES 

FOR  WEED  MANAGEMENT  BUT  NOT  KNOWN  TO  BE  ESTABLISHED,  OR 

APPROVED  TO  BE  RELEASED,  OR  TO  BE  STUDIED  IN  QUARANTINE 


Target  Weed 


Yellow  starthistle 
Centaurea  solstitialis  L. 


Leafy  spurge 
Euphorbia  esula  L. 


Diffuse  knapweed 
Centaurea  diffusa  De  Lamarck 


Musk  thistle 
Carduus  nutans  L. 


Biological  Control  Agent 


Larinus  curtus 
Eustenopus  villosus 
Puccinia  jaceae 

Chamaesphecia  tenthrediniformis 
Chamaesphecia  empiformis 
Oxicesta  geographica 
Chamaesphecia  crassicornis 

Dasineura  n.  sp.  nr.  capsulae 
Aphthona  abdominalis 
Simyra  dentinosa 

Pterolonche  inspersa 
Larinus  minutus 
Bangasternus  fausti 
Aceria  centaurea 

Cheilosia  corydon 
Psylliodes  chalcomera 


Country  of  Origin 


Greece 

(Quarantine  Study) 

Greece 

(Release  approved) 

Greece 

(Quarantine  Study) 

Austria 

(Not  established) 

Austria  &  Switzerland 

(Not  established) 

Romania 

(Quarantine  Study) 

Romania,  Austria  & 

Czechoslovakia 

(Release  approved) 

Italy 

(Release  approved) 

Italy 

(Released) 

Greece 

(Quarantine  Study) 

Greece 

(Released) 

Greece 

(Released) 

Greece 

(Released) 

Greece 

(Quarantine  Study) 

Italy 

(Release  approved) 

Italy 

(Released) 
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APPENDIX  C3  (Continued) 

BIOLOGICAL  CONTROL  AGENTS  INTRODUCED  INTO  THE  UNITED  STATES 

FOR  WEED  MANAGEMENT  BUT  NOT  KNOWN  TO  BE  ESTABLISHED,  OR 

APPROVED  TO  BE  RELEASED,  OR  TO  BE  STUDIED  IN  QUARANTINE 


Target  Weed 

Biological  Control  Agent 

Country  of  Origin 

Mediterranean  sage 
Salvia  aethiopis  L. 

Phrydiucus  spilmani 

Italy 
(Released) 

Dalmation  toadflax 
Linaria  dalmatica  Mill 

Chrysolina  gypsophllae 
Eteobalea  serratella 
Eteobalea  intermediella 

Italy  &  Yugoslavia 

(Quarantine  Study) 

Italy 

(Quarantine  Study) 

Italy 

(Quarantine  Study) 

Field  bindweed 
Convolvulus  arvensis  L. 

Aceria  malherbae 
Tyta  luctuosa 

Greece  &  Italy 
(Released) 
Italy 
(Released) 

St.  Johnswort  (Klamath 
weed,  goatweed) 

Aplocera  plagiata 

Europe 
(Released) 

Hypericum  perforatum  L 

Biological  control  agents  that 
about  to  be  introduced,  pendi 

Spotted  Knapweed 
Centaurea  maculosa 
De  Lamarack 


are  either  currently  being  screened  or  have  been  screened  and  are 
ng  approval  by  the  working  Group  on  the  Biological  Control  of  Weeds: 

Chaetorellia  acrolophi  -  should  be  introduced  in  1991 
pending  USDA  approval. 

Terellia  virens  -  currently  being  screened;  should 
be  released  in  1991  pending  USDA  approval. 

Larinus  obtusus  -  currently  being  screened;  should 
be  released  in  1992  pending  USDA  approval. 


APPENDIX  C4 

MAJOR  POTENTIAL  WEED  BIOLOGICAL  CONTROL  AGENTS 

STUDIED  BY  BIOLOGICAL  CONTROL  WEED  LABORATORY-EUROPE 

BUT  DETERMINED  NOT  TO  BE  USEFUL' 


Target  Weed 


Musk  thistle 
Carduus  nutans  L. 

Italian  thistle 

Carduus  pynocephalus  L. 

Yellow  starthistle 
Centaurea  solstitialis  L. 


Field  bindweed 
Convolvulus  arvensis  L. 


Biological  Control  Agent 


Hadroplontus  trimaculatus 
Hadroplontus  trimaculatus 

Bruchidius  tuberculatus 

Apion  alliariae 
Ceratapion  basicorne 

Isocolus  sp. 
Galeruca  rufa 


Country  of  Origin  & 
Reason 


Italy  (Feeds  on 
endangered  species) 

Italy  (Feeds  on 
endangered  species) 

Greece 

Unknown  origin 

Unknown  origin  (Low 
populations) 

Greece 

Unknown  origin 
(Not  host  specific) 
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APPENDIX  C4  (Continued) 

MAJOR  POTENTIAL  WEED  BIOLOGICAL  CONTROL  AGENTS 

STUDIED  BY  BIOLOGICAL  CONTROL  WEED  LABORATORY-EUROPE 

BUT  DETERMINED  NOT  TO  BE  USEFUL1 


Target  Weed 


Biological  Control  Agent 


Country  of  Origin  & 
Reason 


Leafy  spurge 
Euphorbia  esula  L. 


Dalmatian  toadflax 
Linaria  dalmatica  Mill 

Scotch  thistle 
Onopordum  acanthium  L. 

Yellow  toadflax 
Linaria  vulgaris  Mill. 

Opium  poppy 
Papaver  somniferum  L. 

Diffuse  knapweed 
Centaurea  diffusa  De  Lamarck 

Bedstraw 
Gallium  mollugo  L. 


Curlydock 
Rumex  crispus  L. 


Lobesia  euphorbiana 
Oncochila  simplex 

Dicranocephalus  albipes 
Dicranocephalus  agilis 
Dicranocephalus  medius 
Neoplinthus  tigratus 
Eriophyes  euphorbiae 
Chrysolina  rossia 

Rhinocyllus  conicus 

Eustenopus  villosus 

Stenocarus  ruficornis 

Ceutorhyncus  maculaalba 
Galeruca  pomonae 

Schizomyia  galiorum 

Geocrypta  galii 
Criocornus  crassicornis 
Catarhoe  rubidata 
Timarcha  sp. 
Eriophyiidae  sp. 
Pyropteron  chrysidiforme 

Lixomorphus  algirus 
Capnodis  tenebricosa 


Unknown  origin 
(Broad  host  range) 
Unknown  origin  (Low 
populations  &  not 
host  specific) 
Unknown  origin 

Unknown  origin 

Unknown  origin 

Unknown  origin 

Unknown  origin 

Unknown  origin 

France 

Unknown  origin 

Unknown  origin 

Unknown  origin 

Greece  (General 
feeder) 

Origin  Unknown 

Origin  Unknown 
Origin  Unknown 
Origin  Unknown 
Origin  Unknown 
Origin  Unknown 
Origin  Unknown 

Origin  Unknown 
Origin  Unknown 


1  Preliminary  studies  on  many  other  species  not  included  here  have  been  carried  out,  but  not  continued 
because  the  organism  showed  little  potential  as  a  biological  control  agent. 
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RISKS  FROM  PRESCRIBED  BURNING 


INTRODUCTION 

This  section  presents  information  on  potential 
risks  to  the  health  of  workers  and  members  of  the 
public  from  the  use  of  prescribed  burning  in  BLM's 
vegetation  treatment  program.  The  first  section  dis- 
cusses the  risks  of  injury  or  fatality  for  workers  and 
the  public  as  a  result  of  the  fire  itself.  The  second 
section  estimates  risks  to  workers  and  the  public 
from  inhalation  exposure  to  vegetation  combustion 
products.  The  third  section  estimates  risks  from  vola- 
tilization of  herbicide  residues. 


RISKS  FROM  FIRE 


Risks  to  Workers 

Prescribed  burning  presents  various  hazards  to 
ground  crews,  who  could  possibly  receive  injuries 
ranging  from  minor  burns  to  severe  burns  that  may 
result  in  permanent  tissue  damage.  However,  stan- 
dard safety  procedures,  protective  gear,  and  training 
are  integrated  into  every  prescribed  fire  plan  and  are 
expected  to  reduce  or  eliminate  most  hazards  (BLM 
1985).  If  a  burn  escapes  and  causes  a  wildfire,  the 
potential  is  higher  for  severe  worker  injuries,  includ- 
ing fatalities.  BLM's  experience  with  prescribed 
burning  and  use  of  the  most  up-to-date  safety  equip- 
ment and  practices  make  this  risk  low. 


Risks  to  the  Public 

If  a  burn  escapes  and  causes  a  wildfire,  members 
of  the  public  in  adjacent  areas  may  be  endangered. 
The  remoteness  of  most  bum  sites  and  the  presence 
of  fire  crews  and  emergency  communication  equip- 
ment make  the  risk  of  injury  to  the  public  extremely 
low. 


Risks  From  Smoke 

This  section  is  divided  into  three  parts:  a  hazard 
analysis,  which  summarizes  the  toxicities  of  the  com- 
bustion products  of  burning  vegetation;  an  exposure 
analysis,  which  estimates  exposures  to  the  smoke; 
and  a  risk  analysis,  which  estimates  quantifiable 
risks  to  workers  and  the  public. 


Hazard  Analysis 

Substances  that  may  be  found  in  wood  smoke 
include  particulate  matter,  carbon  monoxide,  car- 
bon dioxide,  nitrogen  oxides,  aldehydes,  ketones, 
and  other  substances.  The  proportion  of  each  varies 
widely,  depending  on  factors  such  as  moisture  con- 
tent in  the  vegetation  and  the  temperature  of  the  fire. 


Particulate  Matter 

Particulate  matter  is  a  result  of  incomplete  fuel 
combustion.  A  range  of  particle  sizes  may  be  pre- 
sent, but  most  are  less  than  10  microns  in  diameter. 
The  size  is  related  to  the  ability  to  cause  adverse 
health  effects.  Larger  particles  are  more  likely  to 
cause  eye,  nose,  and  throat  irritation,  but  they  are 
prevented  from  reaching  the  lungs  by  the  body's  nat- 
ural defense  mechanisms  of  respiratory  mucus  and 
ciliary  movement.  Fine  particulate  matter,  with  a  par- 
ticle diameter  of  less  than  2.5  microns,  has  a  greater 
ability  to  avoid  these  defenses  and  reach  the  lungs, 
where  it  may  be  deposited.  About  90  percent  of  the 
particles  generated  by  prescribed  burning  are  less 
than  2.5  microns  in  diameter. 


Gases 

The  gaseous  components  of  smoke,  including  car- 
bon monoxide,  carbon  dioxide,  nitrogen  oxides, 
generally  decompose  or  diffuse  into  the  atmosphere 
relatively  quickly.  However,  some  constituents,  such 
as  the  aldehydes  discussed  later  in  this  section,  may 
attach  to  the  particles  formed  and  remain  more  con- 
centrated and  protected  from  decomposition. 


Polynuclear  Aromatic  Hydrocarbons 

Polynuclear  aromatic  hydrocarbons,  or  PAHs,  are 
of  significant  toxicological  concern  in  evaluating 
health  effects  from  wood  smoke.  The  PAHs  in  wood 
smoke  include  at  least  five  carcinogenic  chemicals. 
The  known  carcinogenic  PAHs  include  benzo(a)py- 
rene,  benzo(c)phenanthrene,  perylene,  benzo(g, 
h,i)perylene,  and  the  benzofluoranthenes. 

Benzo(a)pyrene(BaP)  may  have  the  greatest  over- 
all potential  for  a  carcinogenic  effect. 

Although  pure  BaP  has  not  been  shown  to  be  a 
significantly  potent  carcinogen  in  tests  in  laboratory 
animals,  its  potency  is  greatly  increased  when  it  is 
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administered  with  carbon  particles  (as  with  wood 
smoke  inhalation).  Adsorption  onto  particles  also 
may  inhibit  photodegradation,  allowing  BaP  to  per- 
sist longer  in  the  atmosphere.  The  Carcinogen 
Assessment  Group  of  EPA  has  estimated  a  cancer 
potency  value  for  BaP  of  0.0033  per  microgram  per 
cubic  meter  (ug/m3)  continuous  lifetime  exposure 
(Dost  1986). 

Cancer  potency  values  for  the  other  carcinogenic 
PAHs  (in  risk  per  ug/m3)  are  estimated  to  be  0.0033 
for  benzo(a)phenanthrene,  0.00033  for  benzofluo- 
ranthenes,  0.00033  for  perylene,  and  0.00033  for  ben- 
zo(g,h,i)perylene  (Dost  1986). 


Aldehydes  and  Ketones 

Aldehydes  and  ketones  are  ciliary  toxicants  that 
inhibit  the  removal  of  foreign  material  from  the  res- 
piratory tract.  Aldehydes  are  known  irritants,  which 
may  be  adsorbed  onto  the  surface  of  particulate  mat- 
ter. Formaldehyde  may  be  carcinogenic.  EPA  (1986) 
classified  formaldehyde  in  Group  B1,  meaning  it  is 
a  probable  human  carcinogen,  based  on  findings  of 
carcinogenicity  in  animal  studies  and  limited  evi- 
dence of  carcinogenicity  in  humans.  The  cancerpo- 
tency  value  for  formaldehyde  is  1 .3  x  10"5  (ug/m3-1 ) 
(EPA  1986). 


Exposure  Analysis 

Exposures  to  the  carcinogenic  and  possibly  carci- 
nogenic PAHs  in  smoke  from  burning  vegetation 
were  estimated  using  methods  developed  by  Dost 
(1986).  Exposure  estimates  for  members  of  the  pub- 
lic assume  a  smoke  particulate  density  of  0.155 
mg/m3,  which  is  equivalent  to  a  visibility  of  2  miles. 
Exposu  re  esti  mates  for  workers  assume  a  smoke  par- 
ticulate  density  of  5.0  mg/m3,  equivalent  to  a  visibil- 
ity of  100  meters  (about  109  yards).  Dost  calculated 
the  concentrations  of  the  carcinogens  in  smoke  in 
relation  to  particulate  matter  concentration.  These 
values  appear  in  Table  D-1. 

Three  exposure  levels  were  calculated  for  workers 
and  for  the  public,  based  on  total  lifetime  exposures 
of  30,  90,  and  200  days,  with  an  exposure  of  6  hours 
occurring  on  each  day.  Since  most  prescribed  fires 
are  in  remote  areas,  members  of  the  public  are 
unlikely  to  be  exposed  to  more  than  a  few  in  their 
lifetime.  Thirty  days  of  exposure  would  result  if  three 
nearby  areas  were  each  treated  with  this  method 
once  each  year  for  10  years.  A  total  lifetime  exposure 
of  90  days  may  result  from  treatment  of  three  local 
areas  annually  for  30  years.  A  lifetime  exposure  of 
200  days  estimates  the  worst  case,  in  which  20  treat- 
ments occur  in  the  vicinity  of  the  same  member  of 
the  public  every  year  for  10  years. 


Table  D-1 
Concentrations  of  Carcinogenic  PAHs  in  Smoke 


Chemical 

Smoke  Density  0.155  mg/m3 
(visibility  2  miles) 

Smoke  Density  5.0  mg/m3 
(visibility  100  meters) 

Concentration  (ug/m3) 

Benzo(a)pyrene 

0.046 

1.5 

Benzo(c)phenanthrene 

0.12 

3.80 

Benzofluoranthenes 

0.016 

0.52 

Perylene 

0.031 

1.0 

Benzo(g,h,i)perylene 

0.096 

3.15 

Note:  Calculated  in  Dost  (1986). 


Worker  exposu  res  were  calculated  using  the  same 
methods  as  described  for  the  public.  However,  it  is 
considerably  more  likely  that  a  worker  may  experi- 
ence a  lifetime  number  of  exposures  exceeding  30, 
and  possibly  approaching  90.  According  to  M.  Miller 
(Pers.  comm.  1989),  a  single  employee  may  work  on 
2  or  3  prescribed  burns  per  year.  The  exposure  levels 
evaluated  therefore  correspond  to  10  years  and  30 
years  of  work  in  prescribed  burning.  A  lifetime  expo- 
sure of  200  days  also  represents  the  worst  case  for 
workers. 


Risk  Analysis 

Risks  were  calculated  by  multiplying  the  atmos- 
pheric concentrations  of  the  combustion  products 
by  the  total  exposure  time  and  the  cancer  potency 
value  calculated  for  each  chemical.  For  example,  the 
risk  to  a  member  of  the  public  from  benzo(a)pyrene 
in  a  total  of  30  exposures  is  calculated  as  follows: 

BaP  concentration  = 
0.046  ug/m3  =  0.000046  mg/m3 
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Lifetime  exposure  = 
6  hours/day  x  3  days/year 

x  10  years  = 

180  hours 
180  hours  x  1  day/24  hours  = 

7.5  24-hour 

exposures 
A  70-year  lifetime  =  70  x  365  = 

25,550  days 

Cancer  potency  of  BaP  ■ 
0.0033  per  mg/m3  continuous 
lifetime  exposure 

Therefore: 

Concentration  x  exposure  level  x 
hazard  =  risk 

0.000046  mg/m3  x  7.5  days/25,550  days 
x  0.0033  (mg/m3)-"1  =  4.46  x  10"11 

The  risk  has  no  corresponding  units  because  it  rep- 
resents a  probability— namely,  the  probability  of 
developing  cancer  as  a  result  of  a  given  exposure. 
In  the  example,  the  risk  is  4.46  x  10" ' 1 ,  which  equals 
4.46  chances  in  100  billion  that  the  given  exposure 
would  lead  to  cancer. 

Risks  for  workers  and  the  public  from  the  combus- 
tion products  in  a  prescribed  fire  are  given  in  Table 


D-2.  The  total  risk  from  exposure  to  the  smoke  is  the 
sum  of  the  risks  of  the  individual  chemicals,  which 
appears  at  the  bottom  of  the  table.  In  evaluating  the 
increased  risk  of  cancer  from  use  of  prescribed  fire, 
risks  are  compared  to  the  benchmark  accepted  in 
the  scientific  community  where  an  increased  risk  of 
cancer  is  potentially  significant  if  it  exceeds  1  x  10"", 
or  1  in  1  million  (NRC  1977). 


Risk  Summary 

As  is  evident  in  Table  D-2,  which  is  based  on  the 
methodology  developed  by  Dost  (1986),  estimated 
cancer  risks  are  not  expected  to  exceed  1  in  1  million 
for  any  worker  or  member  of  the  public,  even  in 
extreme  cases,  from  exposure  to  carcinogenic  PAHs 
in  the  smoke  from  burning  vegetation. 

Apart  from  the  minimal  risks  of  cancer,  possible 
effects  on  workers  from  smoke  exposure  may 
include  eye  irritation,  coughing,  and  shortness  of 
breath.  Smoke  from  prescribed  fires  will  affect  air 
quality.  Sensitive  members  of  the  public  may  expe- 
rience eye,  throat,  or  lung  irritation  from  these  expo- 
sures. 


Table  D-2 

Carcinogenic  Risks  to  Workers  and  Public  From 
Vegetation  Combustion  Products  in  a  Prescribed  Fire 


Risks  to  Public9 
Lifetime  Exposures 

Risks  to  Workers'1 
Lifetime  Exposures 

Combustion 
Product 

30c 

90d 

200e 

30c 

90d 

200e 

Benzo(a) 
pyrene 

4.46x10-11 

1.34x10-10 

2.97x10-1° 

1.45x10-9 

4.35x10-9 

9.69x10-9 

Benzo(c) 
phenanthrene 

1.16x10-1° 

3.48x10-10 

7.75x10-10 

3.68x10-9 

1.10x10-8 

2.45x10-8 

Benzo- 
fluoranthenes 

1.55X10'12 

4.65x10-12 

1.03x1 0'1 1 

5.04x10-11 

1.51x10-1° 

3.36x10-10 

Perylene 

3.00x10-i2 

9.00x10-12 

2.00x10-n 

9.69x10-11 

2.91x10-10 

6.46x10-10 

Benzo(g,h,i) 
perylene 

9.30x10-12 

2.79x10-11 

6.20x10-11 

3.05x10-1° 

9.15x10-10 

2.03x10-9 

Total  Risk 

1.74x10-™ 

5.24x10-10 

1.16x10-9 

5.58x10-9 

1.67x10-* 

3.72x10*8 

a  Assumes  that  members  of  the  public  are  exposed  to  a  smoke  density  of  0.155  mg/m3,  which  is  equivalent  to  a  visibility 
of  2  miles. 

"  Assumes  that  workers  are  exposed  to  a  smoke  density  of  5.0  mg/m3,  which  is  equivalent  to  a  visibility  of  100  meters 
(about  109  yards). 

c  Assumes  exposure  for  6  hours/day,  3  days/year,  for  10  years. 

■  Assumes  exposure  for  6  hours/day,  3  days/year,  for  30  years. 

e  Assumes  exposure  for  6  hours/day,  20  days/year,  for  10  years. 


D-3 


APPENDIX  D 


RISKS  FROM  HERBICIDES  IN 

BROWN-AND-BURN 

OPERATIONS 

Vegetation  may  be  treated  with  herbicides  several 
weeks  before  beginning  a  prescribed  burn,  with  the 
goal  of  drying  the  vegetation  to  accomplish  a  more 
efficient  burn.  The  herbicides  that  may  be  used  in 
this  method  of  treatment  are  2,4-D,  glyphosate,  hex- 
azinone,  picloram,  and  triclopyr. 

Hazard  Analysis 

In  this  assessment  of  risk  from  volatilization  of  her- 
bicide residues,  the  exposure  levels  were  compared 
to  threshold  limit  values  (TLVs),  which  indicate  an 
acceptable  daily  exposure  level  for  workers  to  air- 
borne chemicals  over  their  careers. 

TLVs,  as  determined  by  the  American  Conference 
of  Governmental  and  Industrial  Hygienists,  were 
available  for  2,4-D  and  picloram.  The  TLV  for  both 
is  10  mg/m3  as  a  time-weighted  average  (NIOSH 
1 987).  The  value  used  in  this  analysis  for  glyphosate 
is  12.2  mg/m3,  based  on  a  rat  inhalation  LC50  of 
greater  than  12,200  mg/m3  (WSSA  1983)  and  a 
safety  factor  of  1 ,000.  An  acceptable  exposure  level 
of  1 0.0  mg/m3,  as  determined  by  DuPont  (1987),  was 
used  for  hexazinone.  A  value  of  10.0  mg/m3  was 
used  for  triclopyr,  as  determined  in  Dow  (1987). 


Exposure  Analysis 

To  estimate  exposure  to  herbicide  residues  from 
brown-and-burn  operations,  the  following  assump- 
tions were  used: 

(1)  All  applied  herbicide  falls  onto  vegetation  that 
will  be  burned  as  fuel  in  a  prescribed  fire. 

(2)  There  are  44,500  kilograms  of  fuel  per  hectare, 
and  40  percent  (17,800  kg)  of  it  is  burned  (And- 
erson 1982). 

(3)  Smoke  density  is  5  mg/m3  at  100  meters  (about 
109  yards)  (Dost  1986). 

(4)  50  grams  of  smoke  are  produced  for  each  kilo- 
gram of  fuel  burned  (USDA  1976). 

(5)  All  herbicide  residue  remaining  on  a  treated  site 
is  released  into  the  atmosphere  at  the  time  of 
burning. 


Based  on  these  assumptions,  the  estimated  vol- 
ume of  smoke  produced  is: 

50  a  smoke/kg  fuel  x  1,000  mg/g  x 
1  rtv*/5  mg  smoke 
x  17,800  kg  fuel/hectare  = 
178,000,000  m3/hectare 

The  minimum  time  interval  between  herbicide 
application  and  burning  for  herbicides  used  in 
brown-and-burn  operations  in  this  vegetation  treat- 
ment program  is  30  days.  Degradation  rates  (k)  for 
the  herbicides  on  vegetation  were  used  to  estimate 
the  fraction  of  applied  herbicide  remaining  at  the 
time  of  burning  (Table  D-3). 

As  an  example,  the  concentration  of  2,4-D  in 
smoke  was  calculated  as  follows: 

(1)  The  application  rate  is  8  lb/acre  in  a  forested 
area. 

8  lb/acre  x  (4.536  x  105 
mg/lb)  x  (2.471  acres/hectare)  = 
8,966,765  mg/hectare. 

(2)  The  degradation  rate  is  0.0431 .  The  time  interval 
is  30  days.  The  fraction  of  initial  herbicide 
remaining  is 

e-kt  =  2.7183"(00431  x  30) 
=  0.2744 

(3)  The  residue  released  at  the  time  of  burning  is 

8,966,765  mg/hectare  x  0.2744  = 
2,460,000  mg/hectare. 

(4)  Using  the  estimated  volume  of  smoke  produced 
per  hectare,  the  2,4-D  concentration  in  smoke 
is 

(2,460,000  mg/hectare)/(1 78,000,000  m3/ 
hectare)  = 
0.01382  mg/m3. 

The  concentrations  of  the  herbicides  in  smoke  as 
calculated  by  this  method  are  listed  in  Table  D-4. 


Risk  Analysis 

To  evaluate  risks  from  the  use  of  herbicides,  the 
atmospheric  concentration  of  each  herbicide  was 
compared  to  the  corresponding  TLV.  The  TLVs  are 
assumed  to  be  acceptable  exposure  levels.  There- 
fore, if  the  ratio  of  the  TLV  to  the  estimated  exposure 
is  greater  than  one,  the  risk  is  assumed  to  be  non- 
significant. These  ratios  are  listed  in  Table  D-5. 

All  estimated  exposures  are  significantly  less  than 
the  levels  determined  to  be  safe  exposure  levels. 
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Table  D-3 


Properties  of  Herbicides  Considered  for  Use  in 
Brown-and-Burn  Operations 


Herbicide 

Application  Rate1 
(lb/acre) 

Degradation  Rate  (k)2 

TLV 
(mg/m3) 

2,4-D 

8 

0.04313 

107 

Glyphosate 

3 

0.0495" 

12.28 

Hexazinone 

3 

0.05843 

10.09 

Picloram 

2 

0.06935 

107 

Triclopyr 

4 

0.00406 

1Qio 

1  Application  rate  for  a  forested  area. 

2  k  =  fraction  of  remaining  herbicide  that  is  lost  through  degradation  or  other  processes  per 
day. 

3  USDA  1984. 

4  Newton  and  Dost  1981. 

5  Bovey  etal.  1967. 

e  Newton  etal.  1982. 
7NIOSH1987. 

s  WSSA  1983  (divided  by  a  safety  factor  of  1 ,000). 
9  Acceptable  exposure  level  (Du  Pont  1987). 
10  Dow  1987. 


These  risks  were  calculated  using  a  smoke  density 
that  is  likely  to  occur  onsite  and  therefore  represent 
risks  to  workers.  Members  of  the  public  would  be 
exposed  to  much  lower  atmospheric  concentrations 
than  these  and  would  have  a  margin  for  safety  that 

Table  D-4 

Concentrations  of  Herbicides  in 

Smoke  From  Brown-and-Burn 

Operations  at  a  Distance  of 

100  Meters  (about  109yards) 

From  the  Fire 


is  even  greater  than  that  calculated  for  workers. 
Based  on  this  method  of  risk  estimation,  neither 
workers  nor  the  public  are  expected  to  be  at  risk 
from  the  herbicide  residues  volatilized  in  a  brown- 
and-bum  operation. 

Table  D-5 

Ratio  of  Threshold  Limit 
Value  to  Exposure  Level  for 

Herbicides  Used  in 
Brown-and-Burn  Operations 


Herbicide 
(mg/m3) 


Concentration 


2,4-D 

Glyphosate 

Hexazinone 

Picloram 

Triclopyr 


0.01382 

0.004279 

0.003276 

0.001575 

0.02234 


Herbicide 

TLV/estimated 
exposure 

Risk 

2,4-D 

724 

Negligible 

Glyphosate 

2,851 

Negligible 

Hexazinone 

3,053 

Negligible 

Picloram 

6,349 

Negligible 

Triclopyr 

448 

Negligible 
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SECTION  E1  -  INTRODUCTION 


PURPOSE 

The  purpose  of  this  appendix  is  to  assess  the  risks 
to  human  health  and  nontarget  organisms,  including 
fish,  wildlife,  and  domestic  animals,  from  the  use  of 
19  herbicides  and  2  carriers,  diesel  oil  and  kerosene, 
in  BLM's  vegetation  treatment  program. 

The  analysis  of  the  potential  human  health  effects 
of  using  herbicides  to  treat  vegetation  was  accom- 
plished using  the  methodology  of  risk  assessment 
generally  accepted  by  the  scientific  community.  In 
essence,  the  risk  assessment  compares  the  doses 
people  may  get  from  applying  the  herbicides 
(worker  doses)  or  from  being  near  an  application 
site  (public  doses)  with  doses  shown  to  cause  no 
observed  adverse  effects  in  tests  on  laboratory  an- 
imals. Estimated  doses  to  nontarget  organisms  were 
compared  to  laboratory-determined  median  lethal 
doses  (LDsos)  or  median  lethal  concentrations 
(LCsos). 


ORGANIZATION  OF  THIS 
APPENDIX 

This  section  presents  the  purpose,  describes  the 
structure,  and  outlines  the  methodology  of  the  her- 
bicide risk  assessment.  Section  E2  describes  the 
vegetation  treatment  methods  that  use  herbicides. 
Section  E3,  the  human  hazard  analysis,  discusses 
the  toxic  properties  of  each  herbicide  as  they  relate 
to  humans,  including  the  cancer  potency  of  each  her- 
bicide known  or  suspected  to  produce  cancer  in  lab- 
oratory animals.  Section  E4,  the  human  exposure 
analysis,  describes  how  human  exposures  to  the  pro- 
gram herbicides  were  estimated.  Section  E5,  the 
human  health  risk  analysis,  describes  how  human 
health  risks  were  estimated  and  discusses  risks  to 
workers  and  the  public  from  herbicide  exposures. 
Section  E6,  the  nontarget  species  hazard  analysis, 
discusses  the  toxic  properties  of  each  herbicide  to 
wildlife  and  aquatic  species.  Section  E7,  the  non- 
target  species  exposure  analysis,  describes  how 
wildlife  and  aquatic  species  exposures  were  esti- 
mated. Section  E8,  the  nontarget  species  risk  anal- 
ysis, describes  the  methodology  for  assessing  non- 
target  species  risks  and  the  estimated  risk  to 
nontarget  species. 


OVERVIEW  OF  THE  RISK 
ASSESSMENT 

This  risk  assessment  examines  the  potential 
health  effects  to  humans  and  nontarget  organisms 
that  might  be  exposed  to  herbicides  as  a  result  of 
BLM  vegetation  program  treatments.  The  exposed 
human  population  at  risk  is  divided  into  two  groups. 
The  first  group— the  public— includes  passersby  or 
nearby  residents.  The  second  group— workers— in- 
cludes aerial  and  ground  applicators,  fuel  truck  op- 
erators, and  other  personnel  directly  involved  in  ap- 
plying herbicides.  In  addition,  risks  to  birds,  mam- 
mals, amphibians,  insects,  fish,  and  aquatic  inverte- 
brates were  analyzed  based  on  a  comparison  of 
laboratory  toxicity  studies  to  estimated  exposures  of 
a  group  of  representative  species. 

The  risk  assessment  includes  analyses  of  a  range 
of  possible  exposures  to  herbicides— from  those 
exposures  most  likely  to  occur  to  those  that  are  ex- 
tremely unlikely.  Assumptions  about  the  character- 
istics of  typical  herbicide  applications  ("routine- 
realistic")  are  used  to  estimate  the  doses  to  nearby 
members  of  the  public  and  to  workers  that  may 
occur  as  a  result  of  routine  operations.  A  second  set 
of  assumptions,  based  on  extreme  values  of  the  rou- 
tine application  characteristics  ("routine-worst 
case"),  is  used  to  estimate  maximum  exposures  that 
are  not  likely  to  be  exceeded  except  in  the  case  of 
an  accident.  A  third  set  of  assumptions  about  acci- 
dents is  used  to  estimate  doses  to  the  public  and 
workers  that  may  result  from  direct  exposure  to  the 
herbicide  mix  or  concentrate. 

Health  risks  to  humans  were  evaluated  by  compar- 
ing dose  estimates  for  the  public  and  workers  with 
appropriate  toxicity  levels  as  determined  in  tests  on 
laboratory  animals.  This  analysis  estimates  the  risk 
of  chronic  health  effects  arising  from  a  single  expo- 
sure or  from  repeated  exposures  over  various  time 
periods  for  each  herbicide.  In  addition,  toxicity  data 
for  seven  of  the  herbicides  (amitrole,  atrazine,  bro- 
macil,  2,4-D,  glyphosate,  picloram,  and  simazine) 
and  the  petroleum  distillates  kerosene  and  diesel  oil 
were  analyzed  to  estimate  the  risk  of  carcinogenicity 
as  a  result  of  estimated  lifetime  exposures.  The  risk 
of  heritable  mutations  was  evaluated  qualitatively 
based  on  the  weight  of  evidence  from  available  data 
from  laboratory  animal  studies. 

Exposures  to  herbicide  mixtures  was  also  exam- 
ined in  a  qualitative  discussion  of  synergistic  effects. 

Risks  to  wildlife  and  aquatic  species  from  the  her- 
bicides were  determined  by  comparing  estimated 
exposures  to  lethal  levels  observed  in  laboratory  an- 
imal and  field  studies. 
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Structure  of  the  Risk  Assessment 

Assessing  the  risk  of  effects  from  using  herbicides 
in  the  vegetation  treatment  program  requires  esti- 
mating possible  types  of  exposures  that  could  occur 
as  a  result  of  herbicide  applications  and  associated 
activities  and  estimating  the  probability  and  extent 
of  adverse  effects  as  a  result  of  those  exposures. 
This  risk  assessment  employs  the  three  principal 
analytical  elements  described  by  the  National 
Research  Council  (1983)  that  are  necessary  to  char- 
acterize the  potential  adverse  health  effects  of  expo- 
sures to  existing  or  introduced  hazards  in  the  envi- 
ronment: the  hazard  analysis,  the  exposure  analysis, 
and  the  risk  analysis.  These  elements  are  briefly 
described  as  follows: 

(1)  Hazard  Analysis  requires  gathering  the  informa- 
tion used  to  determine  the  toxic  properties  of 
each  herbicide.  Human  hazard  levels  are  de- 
rived primarily  from  the  results  of  laboratory 
studies  of  animal  models,  such  as  rats,  mice, 
and  rabbits,  supplemented,  where  appropriate, 
with  information  on  human  poisoning  incidents, 
epidemiology  studies,  field  studies  of  other 
organisms,  and  dataon  chemical  structure.  Non- 
target  species  hazard  levels  are  drawn  from  lab- 
oratory studies  and  field  studies. 

(2)  Exposure  Analysis  involves  estimating  single 
and  multiple  exposures  to  persons  and  non- 
target  species  potentially  exposed  to  the  herbi- 
cides and  determining  the  doses  likely  to  result 
from  those  estimated  exposures. 

(3)  Risk  Analysis  requires  comparing  the  hazard 
information  with  the  dose  estimates  to  predict 
the  health  effects  under  the  given  conditions  of 
exposure. 

The  relationships  among  these  three  components 
are  illustrated  in  Figure  E1-1.  This  risk  assessment 
identifies  uncertainties,  such  as  areas  where  scien- 
tific studies  are  unavailable,  and  describes  how 
those  uncertainties  were  dealt  with  to  produce  the 
results  of  the  analyses.  The  following  discussion 
briefly  describes  how  each  component  in  the  struc- 
ture was  addressed  in  this  risk  assessment. 


Hazard  Analysis 

The  human  hazard  and  nontarget  species  hazard 
analyses  are  presented  in  Sections  E3  and  E6, 
respectively.  The  hazard  involved  in  using  each  of 
the  herbicides  was  determined  from  reviewing  the 
results  of  extensive  literature  searches.  In  addition, 
all  relevant  data  submitted  to  EPA  in  support  of  the 
registration  of  these  pesticides  were  reviewed. 
These  data  were  reviewed  for  required  toxicity  ref- 
erence levels,  particularly  rat  and  nontarget  species 
median  lethal  doses  or  LDsos  (a  median  lethal  dose 


is  the  amount  of  a  substance  that  will  kill  50  percent 
of  a  laboratory  test  population),  systemic  and  repro- 
ductive no-observed-effect  levels  (NOELs),  and  data 
about  cancer  and  mutagenicity.  Where  scientific 
uncertainty  exists  for  a  particular  herbicide  on  a  spe- 
cific toxic  effect  (mutagenicity,  for  example),  the 
area  is  identified  and  a  tentative  conclusion  is  drawn 
from  the  available  data  on  the  possible  affect.  Where 
no  data  exist  on  a  certain  toxic  endpoint,  it  is 
assumed  that  the  chemical  might  cause  that  effect. 
Cancer  potency  values  were  identified  or  computed 
directly  from  the  laboratory  animal  tumor  data  for 
the  herbicides  that  have  demonstrated  the  potential 
to  induce  an  oncogenic  response  in  mammals. 


Exposure  Analysis 

To  assess  the  risks  from  exposures  to  the  program 
herbicides,  various  aspects  of  the  vegetation  treat- 
ment program  that  employ  herbicides  were  exam- 
ined. Principal  aspects  of  the  herbicide  application 
methods  that  determine  potential  levels  of  exposure 
were  identified,  including  human  activities  in  or  near 
treated  areas,  application  rates,  the  size  and  config- 
uration of  treated  areas,  and  mitigation.  A  discus- 
sion of  the  herbicide  application  methods  that  would 
be  used  in  the  BLM  program  appears  in  Section  E2 
of  this  appendix. 

In  the  exposure  analysis,  realistic  and  worst  case 
dose  estimates  were  made  for  routine  application 
operations.  Doses  from  accidents  also  were  esti- 
mated. Two  human  populations  (the  public  and 
workers)  may  be  exposed  to  herbicides  in  BLM's  pro- 
posed program.  For  the  analysis  of  public  health 
effects,  dose  estimates  were  made  for  people 
assumed  to  be  exposed  because  of  routine  opera- 
tions through  one  or  more  of  the  following  routes: 

(1)  Dermal,  from  receiving  herbicide  spray  drift 

(2)  Dermal,  from  touching  sprayed  vegetation 

(3)  Dietary,   from   consuming   berries  that   have 
received  herbicide  drift 

(4)  Dietary,  from  drinking  water  with  drift  residues 

(5)  Dietary,  from  eating  fish  from  a  pond  that  has 
received  drift 

For  each  of  the  above  routes,  realistic  and  worst 
case  exposures  were  calculated,  using  variable 
parameters  such  as  application  rate,  size  of  treat- 
ment area,  and  drift  conditions.  For  the  analysis  of 
potential  risks  to  workers,  routine  doses  were  esti- 
mated for  the  following  workers: 


In  aerial  applications: 

(1)  Pilots 

(2)  Mixer-loaders 

(3)  Fuel  truck  operators 
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Hazard  Analysis 


•  Identify  what  kind  of  health  effects 
have  been  observed  in  laboratory 
animals  and  at  what  levels  of 
exposure 

•  Identify  any  health  effects  that  have 
been  observed  in  humans 

•  Determine  median  lethal  dose 
(LD50)  for  acute  effects  from 
laboratory  rat  study 

•  Determine  lowest  no-observed- 
effect  levels  (NOELs),  if  possible, 
for  general  chronic  toxic  effects, 
reproductive  effects,  and  birth 
defects 

•  Determine  whether  the  herbicide 
potentially  causes  cancer  or 
mutations 

•  Identify  data  gaps  in  toxicity 
information 


Exposure  Analysis 


•  Identify  people  exposed 

•  Identify  routes  of  exposure 

•  Estimate  how  much  each  person 
would  receive  by  each  exposure 
route  using  both  typical  and 
worst  case  scenarios 

•  Estimate  frequency  and  duration 
of  exposure 

•  Calculate  doses 


Risk  Analysis 


•  Compare  doses  to  NOELs  and  LD50S  and  discuss  probability 
of  acute  and  chronic  effects  (including  birth  defects)  for 
realistic,  worst  case,  and  accident  scenarios 

•  Conduct  worst  case  analysis  for  cancer  risk 


Figure  E1-1.    Components  of  the  risk  assessment  process. 
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In  backpack  applications: 

(4)  Applicators 

In  ground  mechanical  applications: 

(5)  Applicators 

(6)  Mixer-loaders 

(7)  Applicator/mixer-loaders 

In  hand  applications: 

(8)  Applicators 

Because  all  human  activities  involve  the  possibil- 
ity of  error,  using  herbicides  in  vegetation  treatment 
operations  involves  the  possibility  that  humans  may 
inadvertently  receive  unusually  high  exposures  in  an 
accident.  To  examine  the  potential  health  effects 
that  could  occur  in  an  accident,  the  following  acci- 
dents were  analyzed: 

(1 )  Spills  of  pesticide  concentrate  and  mix  on  a  per- 
son's skin 

(2)  Direct  spraying  of  a  worker  from  a  broken  hose 

(3)  Direct  spraying  of  a  person  from  aerial  applica- 
tion 

(4)  Immediate  reentry  to  sprayed  area 

(5)  Consumption  of  water  from  a  pond  that  has  been 
aerially  sprayed,  that  has  received  an  80-gallon 
spill  of  herbicide  from  an  aerial  applicator,  or 
that  has  received  a  spill  from  a  tank  mix  truck 

(6)  Consumption  of  berries  that  have  been  directly 
sprayed 

Doses  to  terrestrial  wildlife  are  considered  in  the 
nontarget  species  analysis,  using  routes  of  exposure 
that  include  consumption  of  contaminated  food 
items,  dermal  exposure  from  spray  drift  and  vegeta- 
tion contact,  and  inhalation  exposure.  Impacts  to 
aquatic  life  also  are  evaluated  using  estimated  her- 
bicide concentrations  in  stock  ponds  that  either 
receive  drift,  are  directly  sprayed,  or  are  contami- 
nated by  a  helicopter  jettison  of  herbicide  mix. 


Risk  Analysis 

Human  health  risks  of  the  BLM  vegetation  treat- 
ment program  were  evaluated  by  comparing  the 
doses  of  the  public  and  workers,  calculated  for  rou- 
tine and  accidental  exposure  scenarios,  to  the 
laboratory-determined  toxicity  levels  described  in 
the  hazard  analysis. 

Many  factors  contribute  to  the  uncertainty  in  this 
process  of  judging  risks  to  human  health  from  lab- 
oratory animal  studies.  First,  the  reference  levels 


established  in  the  laboratory  are  the  result  of  tests 
on  laboratory  animals,  particularly  rats  and  mice,  in 
which  dose  levels  produce  no  observed  effects.  To 
allow  for  the  uncertainty  in  extrapolating  from  these 
NOELs  in  laboratory  animals  to  levels  deemed 
acceptable  for  humans,  safety  factors  are  used.  The 
generally  accepted  factors  (NRC  1986)  are  10  for 
moving  from  animals  to  humans  (between  species 
variation)  and  another  1 0  to  account  for  possible  vari- 
ation in  human  responses  (within  species  variation). 
This  10  times  10,  or  hundredfold,  safety  factor 
means  that  the  laboratory  NOEL  dose  reduced  one 
hundredfold  would  normally  be  considered  an 
acceptable  or  reasonably  safe  human  dose.  In  this 
risk  assessment,  a  margin  of  safety  (MOS)  or 
"hazard  level  to  exposure  level"  ratio  has  been  cal- 
culated for  each  estimated  dose  by  dividing  the  ani- 
mal NOEL  by  the  estimated  dose.  The  computed 
MOS  is  then  compared  to  the  hundredfold  safety  fac- 
tor. MOSs  above  100  are  assumed  to  indicate  low 
risks  to  human  health. 

The  risk  of  a  pesticide  causing  cancer  was  evalu- 
ated differently.  It  was  assumed  that  an  herbicide 
that  has  demonstrated  the  potential  to  induce 
tumors  in  laboratory  animals  has  some  probability 
of  inducing  them  at  any  dosage  level.  Animal  studies 
were  used  to  determine  the  relationship  between  car- 
cinogenic risk  and  exposure;  the  laboratory  data 
then  were  adjusted  to  reflect  the  lower  dose  ranges, 
larger  size,  and  longer  lifespan  of  humans.  The  risk 
of  cancer  was  calculated  for  various  categories  of 
people  that  may  be  exposed  to  the  herbicides  in  real- 
istic and  maximum  exposure  scenarios,  with  total 
exposure  averaged  over  a  70-year  lifetime. 

The  risk  of  heritable  mutations  was  evaluated  qual- 
itatively on  the  weight  of  evidence  from  available  test 
data  on  bacteria,  yeasts,  mammalian  cells  in  culture, 
and  animals.  However,  the  mutagenicity  risk  was  not 
quantified.  Where  appropriate,  that  risk  is  compared 
with  the  chemical's  cancer  risk.  Cumulative  risk  for 
individuals  is  discussed  in  terms  of  lifetime  expo- 
sures to  a  given  herbicide  for  members  of  the  public 
and  for  workers.  Risk  of  synergistic  effects  is  dis- 
cussed in  terms  of  the  available  evidence  of  en- 
hanced toxicity  when  any  of  these  herbicides  is 
mixed  with  another  chemical. 

Risks  to  terrestrial  wildlife  species  were  evaluated 
by  comparing  estimated  doses  with  the  LD50  for  the 
most  closely  related  laboratory-tested  species.  Risk 
evaluations  for  aquatic  species  compared  the  herbi- 
cide's concentration  in  water  with  the  concentration 
known  to  be  lethal  to  50  percent  of  the  organisms 
of  a  species  tested  (LC50).  The  results  of  these  com- 
parisons were  judged  according  to  the  criteria  of  1/5 
LD50  for  terrestrial  species  and  1  /1 0  LC50  for  aquatic 
species  set  forth  by  EPA  (1986). 
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SECTION  E2  -  VEGETATION  TREATMENT 

PROGRAMS 


This  section  describes  BLM's  herbicide  vegeta- 
tion treatments  in  the  13  Western  States.  The  first 
subsection  briefly  describes  the  different  types  of 
vegetation  treatments  that  use  herbicides.  The  sec- 
ond subsection  identifies  the  application  methods 
and  principal  herbicides  used.  The  final  subsection 
discusses  mitigation  used  to  minimize  the  possible 
adverse  effects  of  the  herbicides  on  human  health 
and  the  environment. 


TREATMENT  OBJECTIVES 

Herbicides  are  used  in  rangeland  improvement 
and  silvicultural  practice  to  improve  the  potential  for 
success  of  desired  vegetation  by  reducing  competi- 
tion for  light,  moisture,  and  soil  nutrients  by  less 
desirable  plant  species.  They  are  used  to  manage  or 
restrict  noxious  plant  species  and  to  suppress  vege- 
tation that  interferes  with  manmade  structures  or 
transportation  corridors. 

Noxious  weed  management  programs  regulate 
the  occurrence  of  those  noxious  and  poisonous 
plants  harmful  to  native  vegetation,  humans,  or 
domestic  livestock.  Plants  most  often  treated  are  poi- 
son oak,  tansy  ragwort,  St.  Johns-wort,  skeleton 


weed,  and  thistle.  BLM's  noxious  weed  control  pro- 
gram in  the  Northwest  is  analyzed  in  a  separate  EIS, 
Northwest  Area  Noxious  Weed  Control  Program 
(BLM  1985).  This  EIS  covers  noxious  weed  control 
in  the  rest  of  the  13  Western  States.  The  noxious 
weed  and  poisonous  plant  control  program  is 
included  as  part  of  the  vegetation  treatment  method- 
ology that  BLM  uses  to  maintain  the  areas  under  its 
jurisdiction.  BLM  uses  herbicides  as  one  of  the  tools 
in  its  noxious  weed  management  program  and  uses 
them  in  varying  degrees  in  all  land  treatment  cate- 
gories. 

Rangeland  vegetation  treatment  operations  pro- 
vide forage  for  domestic  livestock  and  wildlife  by 
removing  undesirable  competing  plant  species  and 
preparing  seedbeds  for  desirable  plants.  Approxi- 
mately 89  percent  of  the  herbicide-treated  acreage 
in  the  proposed  Bureau  of  Land  Management  vege- 
tation treatment  program  falls  in  the  range  improve- 
ment category  in  the  13  Western  States.  Certain 
aspects  of  BLM's  range  improvement  program  are 
evaluated  in  a  separate  EIS  (BLM  1985). 

Public  domain  forest  land  vegetation  treatment 
operations,  designed  to  ensure  the  establishment 
and  healthy  growth  of  timber  crop  species,  are  one 
of  BLM's  least  extensive  programs  for  herbicide 
treatment  (Table  E2-1). 


Table  E2-1 

Annual  Acres  Treated  by  Herbicide  Application  Methods 

in  the  Proposed  Vegetation  Treatment  Program 

(Alternative  1) 


Project  Type 

Public 

Recreation 

Application 

Range 

Domain 

Right-of-Way 

Oil  &  Gas  Site 

Site 

Method 

Improvement 

Forests 

Maintenance 

Maintenance 

Maintenance 

Aerial 

Fixed-Wing 

58,400 

300 

— 

— 



Helicopter 

54,725 

450 

700 

100 

— 

Ground 

Vehicle 

9,125 

405 

7,065 

4,125 

325 

Hand 

3,480 

330 

935 

510 

540 

Total 

125,730 

1,485 

8,700 

4,735 

865 
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These  operations  include  site  preparation,  planta- 
tion maintenance,  conifer  release,  precommercial 
thinning,  and  noncommercial  tree  removal.  Site 
preparation  treatments  prepare  newly  harvested  or 
inadequately  stocked  areas  for  planting  new  tree 
crops.  Herbicides  used  in  site  preparation  reduce 
vegetation  that  would  compete  with  conifers.  In  the 
brown-and-burn  method  of  site  preparation,  herbi- 
cides are  used  to  dry  the  vegetation,  which  will  be 
burned  several  months  later.  Herbicides  are  used  in 
plantations  some  time  after  planting  to  promote  the 
survival  and  establishment  of  conifers  (mainte- 
nance) or  to  promote  the  dominance  and  growth  of 
already  established  conifers  (release).  Precommer- 
cial thinning  reduces  competition  among  conifers, 
thereby  improving  the  growth  rate  of  desirable  crop 
trees.  Noncommercial  tree  removal  is  used  to  elim- 
inate dwarf  mistletoe-infected  host  trees.  These  lat- 
ter two  silvicultural  practices  primarily  use  manual 
methods.  Herbicide  use  in  publicdomain  forests  con- 
stitutes less  than  4  percent  of  the  vegetation  treat- 
ment operations  in  the  proposed  BLM  program. 

Right-of-way  treatments  include  roadside  mainte- 
nance and  maintenance  of  power  transmission  lines, 
waterways,  and  railroad  corridors.  In  roadside  main- 
tenance, vegetation  is  removed  or  retarded  from 
ditches  and  shoulders  to  prevent  brush  encroach- 
ment into  driving  lanes,  to  maintain  visibility  on 
curves  for  the  safety  of  vehicle  operators,  to  permit 
drainage  structures  to  function  as  intended,  and  to 
facilitate  maintenance  operations.  Herbicides  have 
been  used  in  nearly  50  percent  of  BLM's  roadside 
vegetation  treatment  and  maintenance  programs  in 
the  13  Western  States. 

Oil  and  gas  drilling  site  and  production  area  vege- 
tation treatments  are  done  to  reduce  potentially  flam- 
mable vegetation.  Vegetation  treatments  in  these 
areas  may  include  the  preparation  and  regular  main- 
tenance of  areas  for  use  as  fire  control  lines  or  fuel 
breaks,  or  the  reduction  of  vegetation  species  that 
could  pose  a  hazard  to  fire  control  operations.  More 
than  50  percent  of  the  vegetation  treatment  pro- 
grams for  oil  and  gasdrillingsitesare  herbicide  appli- 
cations. 

Recreation  and  cultural  site  maintenance  opera- 
tions provide  for  the  safe  and  efficient  use  of  BLM 
facilities  and  recreation  sites  and  for  permittee/ 
grantee  use  of  public  amenities,  such  as  ski  runs, 
waterways,  and  utility  terminals.  Vegetation  treat- 
ments are  made  for  the  general  maintenance  and  vis- 
ual appearance  of  the  areas  and  to  reduce  potential 
threats  to  the  site's  plants  and  wildlife,  as  well  as  vis- 
itors' health  and  welfare.  This  site  maintenance  pro- 
gram includes  the  noxious  weed  and  poisonous 
plant  control  program.  Vegetation  treatments  in 
these  areas  are  also  used  for  fire  management.  BLM 
uses  herbicides  on  approximately  one-third  of  the 
total  recreation  site  acreage  identified  as  needing 
regular  vegetation  treatment  operations.  All  of  the 


chemically  treated  acreage  in  this  category  uses 
ground-based  application  methods  because  aerial 
applications  are  not  designated  for  these  areas. 


APPLICATION  METHODS 
AND  HERBICIDE  USAGE 

BLM  conducts  pretreatment  surveys  in  accord- 
ance with  BLM  Handbook  H-9011-1  before  making 
a  decision  to  use  herbicides  on  a  specific  land  area. 
The  chemicals  can  be  applied  by  a  number  of  differ- 
ent methods,  and  the  selected  technique  is  depen- 
dent upon  a  number  of  variables.  Some  of  these  are: 

(1)  the  treatment  objective  (removal  or  reduction); 

(2)  accessibility,  topography,  and  size  of  the  treat- 
ment area;  (3)  the  characteristics  of  the  target  spe- 
cies and  the  desired  vegetation;  (4)  the  location  of 
sensitive  areas  in  the  immediate  vicinity  (potential 
environmental  impacts);  (5)  the  anticipated  costs 
and  equipment  limitations;  and  (6)  the  meteorolog- 
ical and  vegetative  conditions  of  the  treatment  area 
at  the  time  of  treatment. 

Nineteen  herbicides  are  proposed  for  use  to  treat 
vegetation  under  BLM's  preferred  alternative.  Each 
of  the  19  herbicides  has  particular  characteristics, 
including  the  chemical  active  ingredient,  the  formu- 
lations to  be  used,  and  the  range  of  application  rates 
for  rangeland,  public  domain  forest  land,  oil  and  gas 
sites,  rights-of-way,  and  recreational  and  cultural 
sites  (Tables  E2-2  and  E2-3). 

Nineteen  herbicides  were  proposed  for  use  in  the 
vegetation  treatment  program.  However,  after 
impact  and  risk  assessment  analyses,  17  are  pro- 
posed for  use  in  the  vegetation  treatment  program. 
BLM  has  reexamined  the  risk  assessment  and  exam- 
ined additional  data  for  amitrole.  BLM  has  deter- 
mined that  amitrole  is  no  longer  considered  for  pro- 
posed use  in  this  document.  Amitrole  will  be  deleted 
in  the  Record  of  Decision.  Since  drafting  this  docu- 
ment, producers  are  no  longer  manufacturing 
dalapon  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 
However,  information  on  all  19  herbicides  is 
included  throughout  the  document. 

Herbicide  applications  are  scheduled  and 
designed  so  that  there  will  be  minimal  potential 
impacts  on  nontarget  plants  and  animals,  while 
remaining  consistent  with  the  objective  of  the  vege- 
tation treatment  program.  The  rates  of  application 
are  dependent  upon  the  target  species,  the  presence 
and  condition  of  nontarget  vegetation,  the  soil  type, 
the  depth  to  the  water  table,  and  presence  of  other 
water  sources. 

Herbicides  are  applied  either  from  the  air  or  on  the 
ground.  The  herbicide  formulations  may  be  in  a  liq- 
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Table  E2-2 

Typical  Herbicide  Application  Rates  for  BLM 
Vegetation  Treatment  Programs 


Application 

Rate  (pounds  active 

ingredient/acre) 

Public- Domain 

Recreation  and 

Herbicide 

Rangeland 

Forest  Land 

Oil  and  Gas  Sites 

Rights-of-Way 

Cultural  Sites 

Amitrole1 

2 

2 

4 

2 

Atrazine 

1 

4 

10 

4 

1 

Bromacil 

— 

— 

8 

8 

— 

Chlorsulfuron 

— 

0.125 

0.141 

0.141 

0.125 

Clopyralid 

0.5 

— 

12 

12 

— 

2,4-D 

4 

4 

4 

4 

3 

Dalapon2 

3 

4 

4 

4 

4 

Dicamba 

4 

4 

3 

4 

4 

Diuron 

— 

— 

10 

4 

— 

Glyphosate 

4 

2 

4 

4 

4 

Hexazinone 

0.67 

2 

4 

2 

2 

Imazapyr 

1 

1.5 

1.5 

1.5 

1.5 

Mefluidide 

— 

— 

0.25 

0.25 

— 

Metsulfuron  methyl 

— 

— 

0.075 

0.075 

— 

Picloram 

2 

2 

3 

3 

2 

Simazine 

— 

4 

10 

4 

1 

Sulfometuron  methyl 

— 

— 

0.563 

0.563 

— 

Tebuthiuron 

0.5 

1.5 

6 

1.5 

0.5 

Triclopyr 

1.5 

2 

4 

4 

1.5 

Carriers 

Diesel  oil 

2 

2 

2 

2 

2 

Kerosene 

2 

2 

2 

2 

2 

1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 


Table  E2-3 

Maximum  Herbicide  Application  Rates  for  BLM 
Vegetation  Treatment  Programs 


Application 

Rate 

(po 

unds  active 

ingredient— acre) 

Public- Domain 

Recreation  and 

Herbicide 

Rangeland 

Forest  Land 

Oil  and  Gas  Sites 

Rights-of-Way 

Cultural  Sites 

Amitrole1 

2 

2 

9.9 

9.9 



Atrazine 

1 

4 

40 

40 

1 

Bromacil 

— 

— 

16 

16 

— 

Chlorsulfuron 

— 

0.125 

0.141 

0.141 

0.125 

Clopyralid 

0.5 

— 

12 

12 

— 

2,4-D 

6 

8 

4 

4 

3 

Dalapon2 

3 

4 

22 

22 

4 

Dicamba 

8 

4 

8 

8 

8 

Diuron 

— 

— 

32 

32 

— 

Glyphosate 

5 

3 

4 

4 

5 

Hexazinone 

0.67 

3 

10.8 

10.8 

3 

Imazapyr 

1 

1.5 

1.5 

1.5 

1.5 

Mefluidide 

— 

— 

0.25 

0.25 

— 

Metsulfuron  methyl 

— 

— 

0.075 

0.075 

— 
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Table  E2-3  (Continued) 

Maximum  Herbicide  Application  Rates  for  BLM 
Vegetation  Treatment  Programs 


Application 

Rate  (pounds  active 

ingredient— acre) 

Public- Domain 

Recreation  and 

Herbicide 

Rangeland 

Forest  Land 

Oil  and  Gas  Sites 

Rights-of-Way 

Cultural  Sites 

Picloram 

2 

2 

3 

3 

2 

Simazine 

— 

4 

10 

10 

4 

Sulfometuron  methyl 

— 

— 

0.563 

0.563 



Tebuthiuron 

4 

5 

6 

6 

4 

Triclopyr 

1.5 

4 

8 

8 

1.5 

Carriers 

Diesel  oil 

2 

2 

2 

2 

2 

Kerosene 

2 

2 

2 

2 

2 

1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 


uid  or  granular  form  depending  upon  resources  and 
program  objectives.  Aerial  methods  employ  boom- 
mounted  nozzles  for  liquids  or  rotary  broadcasters 
for  granular  formulations,  carried  by  helicopters  or 
fixed-wing  aircraft.  Ground  application  methods 
include  vehicle-mounted,  backpack,  and  hand  appli- 
cation techniques.  Vehicle-mounted  application  sys- 
tems use  fixed-boom  or  hand-held  spray  nozzles 
mounted  on  trucks  or  tractors.  Backpack  systems 
use  a  pressurized  sprayer  to  apply  an  herbicide  as 
a  broadcast  spray  directly  to  one  or  a  group  of  indi- 
vidual plants. 

The  principal  hand  application  techniques  are 
injection  and  stump  treatment.  Injection  involves 
applying  an  herbicide  with  a  hand-held  container  or 
injector  through  slits  cut  into  the  stems  of  target 
plants.  Individual  stem  treatment  by  the  injection 
method  also  is  used  for  thinning  crop  trees  or  remov- 
ing undesirable  trees.  Stump  treatment  entails 
directly  applying  liquid  herbicide  to  the  cut  stump 
of  the  target  plant.  An  herbicide  can  be  applied  by 
dabbing  or  painting  the  exposed  cambium  of  a 
stump  or  by  using  a  squeeze  bottle  on  a  freshly  cut 
cambium  surface  to  inhibit  sprouting.  Herbicides 
may  also  be  applied  by  hand  in  solid  form  as  gran- 
ules spread  on  the  ground  surface.  All  of  the  herbi- 
cide application  methods  would  be  used  in  every 
type  of  management  operation,  except  aerial  meth- 
ods on  recreation  sites. 


Aerial  Application  Methods 

Historically,  BLM  has  used  aerial  application  meth- 
ods in  more  than  75  percent  of  its  herbicide  treat- 


ment programs.  BLM  treats  more  than  98  percent  of 
its  range  management  sites  by  air.  Helicopters  are 
preferred  on  rangeland  projects  (more  than  60  per- 
cent of  the  time)  because  the  many  treatment  units 
are  far  apart  and  are  often  small  and  irregularly 
shaped.  Contractor-operated  helicopters  or  fixed- 
wing  aircraft  are  equipped  with  an  herbicide  tank  or 
bin  (depending  on  whether  the  chemical  is  a  liquid 
or  granular  formulation).  The  size  and  type  of  these 
aircraft  may  vary,  but  the  equipment  used  to  apply 
the  herbicides  must  meetspecificguidelines.Foraer- 
ial  spraying,  the  aircraft  would  be  equipped  with 
cylindrical  jet-producing  nozzles  no  less  than 
1/8-inch  in  diameter.  The  nozzles  would  be  directed 
with  the  slipstream,  at  a  maximum  of  45  degrees 
downward  for  fixed-wing,  or  up  to  75  degrees  down- 
ward for  helicopter  application,  depending  upon  the 
flight  speed.  Nozzle  size  and  pressure  would  be 
designed  to  produce  droplets  with  a  diameter  of  200 
to  400  microns.  For  fixed-wing  aircraft,  the  spray 
boom  is  typically  3/4  the  wing  span,  and  for  helicop- 
ters the  spray  boom  is  often  3/4  the  rotor  diameter. 
All  spray  systems  must  have  a  positive  liquid  shut-off 
device  that  ensures  that  no  chemical  continues  to 
drip  from  the  boom  once  the  pilot  has  completed  a 
swath.  The  nozzles  are  spaced  to  produce  a  uniform 
pattern  for  the  length  of  the  boom. 

Using  helicopters  for  herbicide  application  is 
often  more  expensive  than  using  fixed-wing  aircraft, 
but  helicopters  offer  greater  versatility.  Helicopters 
are  well  adapted  to  areas  dominated  by  irregular  ter- 
rain and  long,  narrow,  and  irregularly  shaped  land 
patterns,  a  common  characteristic  of  BLM-managed 
land.  Various  helicopter  aircraft  types  could  be  used, 
including  Bell,  Sikorsky,  and  Hitler  models.  The  heli- 
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copter  must  be  capable  of  accommodating  the  spray 
equipment  and  the  herbicide  tank  or  bin  (depending 
on  whether  the  chemical  is  in  liquid  or  granular 
form)  and  of  maintaining  an  airspeed  of  40  to  50 
miles  per  hour  at  a  height  of  30  to  45  feet  above  the 
vegetation  (depending  upon  the  desired  application 
rate),  and  must  meet  BLM  safety  performance  stan- 
dards. 

Fixed-wing  aircraft  includethetypical,  small  "crop- 
duster"  type  aircraft.  Fixed-wing  aircraft  are  best 
suited  for  smoother  terrain  and  larger  tracts  of  land 
where  abrupt  turning  is  not  required.  Because  the 
fixed-wing  aircraft  spraying  operations  are  used  for 
treating  larger  land  areas,  the  price  per  acre  is  gener- 
ally lower  than  for  helicopter  spraying.  Aircraft  ca- 
pability requirements  for  fixed-wing  aircraft  are  sim- 
ilar to  helicopter  requirements,  except  that  an  air 
speed  of  100  to  120  miles  per  hour  is  necessary,  with 
spraying  heights  of  10  to  40  feet  generally  used  to 
produce  the  desired  application  rates. 

Batch  trucks  are  an  integral  part  of  any  aerial  oper- 
ation. They  serve  as  mixing  tanks  for  preparing  the 
correct  proportions  of  herbicide  and  carrier,  and 
they  move  with  the  operation  when  different  landing 
areas  are  required. 

The  number  of  workers  involved  in  a  typical  aerial 
spray  project  varies  according  to  the  type  of  activity. 
A  small  operation  may  require  up  to  6  individuals, 
while  a  complex  spray  operation  may  require  as 
many  as  20  to  25  workers.  An  aerial  operations  crew 
for  range  management,  noxious  weed  management, 
and  right-of-way  maintenance  usually  consists  of 
five  to  eight  individuals.  Typically,  personnel  on  a 
large  project  include  a  pilot,  a  mixer-loader,  a  con- 
tracting officer's  representative  (COR),  an  observer- 
inspector,  a  one-  to  six-member  flagging  crew,  one 
or  two  law  enforcement  officers,  one  or  two  water 
monitors,  and  one  or  two  laborers.  Optional  person- 
nel include  an  air  operations  officer,  a  radio  techni- 
cian, a  weather  monitor,  and  a  recorder. 


Ground  Application  Methods 

BLM  does  not  use  ground  herbicide  application 
methods  as  extensively  as  other  agencies,  such  as 
the  Forest  Service.  In  vegetation  treatment  projects, 
ground  herbicide  applications  normally  constitute 
about  25  percent  of  the  total  area  that  BLM  treats 
chemically. 

Backpack  treatment  is  the  predominant  ground- 
based  method  used  for  silviculture  and  range  man- 
agement. Pressurized  backpack  treatment  opera- 
tions typically  involve  a  supervisor  (who  may  also 
function  as  a  mixer-loader),  an  inspector,  a  monitor, 
and  2  to  12  crew  members.  Backpack  sprayers  can 
typically  treat  one-half  acre  per  hour  in  silviculture 
operations. 


Stump  treatment  and  herbicide  injection  are  com- 
monly used  in  forested  areas.  Some  of  the  applied 
herbicides  may  also  be  in  granular  form,  broadcast 
by  hand  or  mechanical  spreader.  Four  laborers  and 
one  inspector  generally  make  up  the  work  force  for 
stump  treatment  or  injection. 

Right-of-way  maintenance  projects  frequently 
use  vehicle-mounted  application  techniques.  A 
truck  with  a  mixing/holding  tank  uses  a  front- 
mounted  spray  boom  or  a  hand-held  pressurized 
nozzle  to  treat  roadside  vegetation  on  varying 
slopes.  However,  using  this  equipment  for  off-road 
right-of-way  projects  is  limited  to  gentle  slopes  (less 
than  20  percent)  and  open  terrain.  Contractors  spray 
an  average  of  30  to  50  acres  per  day  with  vehicle- 
mounted  applicators.  A  driver/mixer-loader  and 
applicator  constitute  the  typical  crew  for  truck  spray- 
ing. 

Most  noxious  weed  control  programs  are  con- 
ducted on  rangelands  and  recreational  areas.  Back- 
packs, spray  bottles,  and  trucks  or  tractors  with 
spray  booms  or  tractor-mounted  attachments  are 
used  in  ground-based  noxious  weed  programs.  Typ- 
ically, backpack  sprayers  can  treat  only  1  acre  every 
3  to  4  hours  in  noxious  weed  control  programs 
because  target  plants  are  found  as  scattered  individ- 
uals or  in  small  groups.  Part  of  the  total  acres  treated 
in  noxious  weed  control  projects  is  hand  treated  with 
granular  herbicides. 


Vehicle  Treatments 

Herbicide  treatments  may  use  ground-based 
spray  application  techniques.  Vehicular  application 
would  be  made  using  a  boom  with  several  spray  noz- 
zles or  a  hand  gun  with  a  single  nozzle.  Ground  vehi- 
cle spray  equipment  can  be  mounted  on  all  terrain 
vehicles  (ATVs),  farm  tractors,  or  trucks.  Because  of 
its  small  size  and  agility,  the  ATV  can  be  adapted  to 
many  different  situations. 

The  boom  spray  equipment  used  for  vehicle  oper- 
ations is  designed  to  spray  wide  strips  of  land  where 
the  vegetation  normally  does  not  exceed  18  inches 
in  height  and  the  terrain  is  generally  smooth  and  free 
of  deep  gullies.  Ground  spraying  from  vehicles 
would  frequently  occur  along  highway  rights-of- 
way,  oil  and  gas  sites,  public  domain  forests,  or 
rangeland  areas. 

Ground  spraying  operations  would  also  be  con- 
ducted from  vehicles  using  spot-gun  spraying.  The 
spot-gun  technique  is  best  adapted  for  spraying 
small  scattered  individual  plots.  It  also  may  be  used 
in  spraying  sign  posts  and  delineators  within  high- 
way rights-of-way,  and  around  wooden  power  line 
poles  as  a  means  of  reducing  fire  hazards  within 
power  line  rights-of-way.  This  technique  also  would 
be  used  to  treat  scattered  noxious  weed  vegetation, 
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but  it  is  limited  to  those  areas  that  are  accessible  by 
vehicles. 


Hand  Treatments 

Other  ground  spraying  operations  require  the  use 
of  a  backpack-carried  spray  tan  k  for  carry  i  ng  the  her- 
bicide mix  with  a  hand  gun  applicator  with  a  single 
nozzle  for  herbicide  application.  These  techniques 
are  best  adapted  for  very  small-scale  spraying  in  iso- 
lated spots  and  those  areas  that  are  not  accessible 
by  vehicle.  They  are  primarily  used  for  spot  treat- 
ments around  sign  posts,  spraying  competing  trees 
in  public  domain  forests,  delineators,  power  poles, 
scattered  noxious  weeds,  and  other  areas  that 
require  selective  spraying. 


MITIGATION 

Mitigation  is  intended  to  ensure  the  proper  and 
safe  application  of  herbicides  on  BLM  lands  in  the 
program  States  and  are  required  by  Federal,  State, 
and  regional  procedures.  Federal  and  State  laws  and 
regulations  set  minimum  standards  to  follow  when 
applying  herbicides  on  Government-owned  forests 
and  rangelands.  Each  regional  and  district  office 
may  develop  additional  restrictions  and  precau- 
tions. The  Federal  Insecticide,  Fungicide,  and 
Rodenticide  Act  (FIFRA)  requires  pesticide  manufac- 
turers to  register  their  chemicals  with  the  Federal 
Government  and  list  the  allowable  uses,  application 
rates,  and  special  restrictions  on  each  herbicide's 
label.  All  of  the  herbicides  considered  in  this  risk 
assessment  are  registered  with  the  Environmental 
Protection  Agency;  and  their  label  rates,  uses,  and 
handling  instructions  must  be  complied  with  accord- 
ing to  Federal  law. 

The  Department  of  the  Interior,  Bureau  of  Land 
Management,  and  the  Department  of  Agriculture, 
Forest  Service,  have  handbooksthatprescribeguide- 
lines  for  aerial  and  ground  application  operations. 
Regional  publications,  such  as  BLM's  Western  Ore- 
gon Program— Management  of  Competing  Vegeta- 
tion Environmental  Impact  Statement  and  the  Forest 


Service's  Region  6  Vegetation  Management  Pro- 
gram Environmental  Impact  Statement,  serve  to  fur- 
ther refine  herbicide  application  guidelines.  The  Sis- 
kiyou National  Forest  Aerial  Applicator's  Handbook 
(USDA  1982)  is  an  example  of  a  forest-level  opera- 
tional guideline  that  specifies  detailed  herbicide 
application  procedures. 

Aerial  and  ground  application  procedures 
undergo  detailed  planning  weeks  or  even  months  in 
advance.  Mitigation,  such  as  not  spraying  in  sensi- 
tive areas,  notifying  the  public,  posting  warning 
signs,  and  conducting  water  monitoring,  is  specified 
in  site-specific  annual  vegetation  management 
plans.  Design  features  and  mitigation  developed  for 
herbicide  operations  in  the  13  Western  States  are 
described  in  previous  environmental  impact  state- 
ments, which  thisdocumentsupplements.Somespe- 
cific  examples  include  the  following: 

(1)  Application  operations  will  typically  be  sus- 
pended when  any  of  the  following  conditions 
exist  on  the  treatment  area: 

(a)  Wind  velocity  exceeds  6  miles  per  hour 
(liquids),  15  miles  per  hour  (granular), 
unless  a  lower  maximum  wind  speed  is 
specified  on  the  label. 

(b)  Snow  or  ice  covers  the  target  foliage. 

(c)  Precipitation  is  occurring  or  is  imminent. 

(d)  Fog  significantly  reduces  visibility. 

(e)  Air  turbulence  (for  example,  thermal 
updrafts)  is  sufficient  to  affect  the  normal 
chemical  distribution  pattern. 

(2)  During  air  operations,  a  radio  network  will  be 
maintained  to  link  all  parts  of  the  project. 

(3)  Equipment  will  be  designed  to  deliver  a  median 
droplet  diameter  of  200  to  800  microns.  This 
droplet  size  is  large  enough  to  avoid  excessive 
drift  while  providing  adequate  coverage  of 
target  vegetation. 

(4)  Individuals  involved  in  the  herbicide  handling  or 
application  will  be  instructed  on  the  safety  plan 
and  spill  procedures. 
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HUMAN  HEALTH  HAZARD  ANALYSIS 


INTRODUCTION 

This  section  presents  the  results  of  the  hazard  anal- 
ysis: a  review  of  available  information  on  the  toxicity 
of  the  19  herbicides— amitrole,  atrazine,  bromacil, 
chlorsulfuron,  clopyralid,  2,4-D,  dalapon,  dicamba, 
diuron,  glyphosate,  hexazinone,  imazapyr,  meflui- 
dide,  metsulfuron  methyl,  picloram,  simazine,  sul- 
fometuron  methyl,  tebuthiuron,  and  triclopyr— pro- 
posed for  BLM  vegetation  treatments. 

The  first  subsection  describes  the  sources  of  tox- 
icity information  used  in  the  hazard  analysis.  The 
second  subsection  explains  the  terminology  of  lab- 
oratory toxicity  testing  used  later  in  describing  the 
herbicides'  toxic  properties.  The  third  subsection 
presents  toxicity  summaries  of  each  herbicide 
drawn  from  the  available  information,  and  it 
describes  the  potential  for  each  to  cause  systemic 
effects,  reproductive  or  developmental  effects, 
cancer,  and  heritable  genetic  mutations.  The  details 
of  the  derivation  of  cancer  potency  are  presented  for 
those  herbicides  suspected  of  being  carcinogenic. 
The  final  subsection  reviews  the  toxicity  information 
for  the  herbicide  carriers  diesel  oil  and  kerosene. 


SOURCES  OF  TOXICITY 
INFORMATION 

The  toxicity  of  10  of  the  herbicides  (amitrole,  atra- 
zine, 2,4-D,  dalapon,  dicamba,  glyphosate,  hexazi- 
none, picloram,  simazine,  and  triclopyr)  to  labora- 
tory animals  and  humans  is  described  in  detail  in  the 
background  statements  of  the  Forest  Service  Agri- 
cultural Handbook  No.  633  (USDA  1984).  Tebu- 
thiuron toxicity  is  described  in  a  background  state- 
ment prepared  for  the  Forest  Service  as  a 
supplement  to  Handbook  No.  633.  The  toxicity  of  the 
herbicides  diuron  and  bromacil  is  described  in  back- 
ground statements  written  in  conjunction  with  the 
BLM  western  Oregon  risk  assessment.  The  toxicity 
of  clopyralid,  chlorsulfuron,  mefluidide,  and  metsul- 
furon methyl  are  described  in  detail  in  background 
statements  prepared  for  this  EIS.  These  documents 
are  incorporated  by  reference  into  this  risk  assess- 
ment and  BLM's  EIS  in  accordance  with  40  CFR 
1502.16  and  are  available  for  review  at  all  BLM  Dis- 
trict Offices  in  the  EIS  States  as  well  as  at  the  address 
shown  on  the  cover  page. 

Much  of  the  data  on  pesticide  toxicity  have  been 
generated  to  comply  with  the  Federal  Insecticide, 


Fungicide,  and  Rodenticide  Act  (FIFRA),  as 
amended  (7  U.S.C.  136  et  seq.),  which  establishes 
procedures  for  the  registration,  classification,  and 
regulation  of  all  pesticides,  including  herbicides. 
The  Environmental  Protection  Agency  (EPA)  is 
responsible  for  implementing  FIFRA.  EPA  registra- 
tion standards  are  thorough  reviews  of  all  data  sub- 
mitted for  registration  or  re-registration  of  a  chem- 
ical and  are  available  through  EPA's  Freedom  of 
Information  Officer  in  the  Office  of  External  Affairs. 
EPA  has  compiled  "science  chapters"  that  include 
discussions  of  toxicity  on  many  of  the  herbicides 
(amitrole,  bromacil,  dicamba,  diuron,  hexazinone, 
picloram,  and  simazine),  and  these  are  also  available 
from  EPA.  EPA  compiles  toxicity  levels  and  related 
information  from  the  series  of  studies  submitted  for 
registration  in  summary  tables  called  "tox  one- 
liners"  that  are  available  on  request  from  itsFreedom 
of  I  nf  ormation  Officer.  A  large  body  of  additional  tox- 
icity information  exists  in  the  open  literature,  partic- 
ularly for  chemicals  such  as  2,4-D  that  have  been 
used  for  many  years. 

A  literature  search  was  funded  by  the  Bureau  of 
Land  Management  to  ensure  that  all  of  the  relevant 
available  information  was  used  in  this  risk  analysis. 
The  National  Library  of  Medicine's  Registry  of  Toxic 
Effects  of  Chemical  Substances  (RTECS)  and  Haz- 
ardous Substances  Data  Bank  (HSDB)  data  bases, 
as  well  as  Medline,  Chem  Abstracts  Embase 
(Excerpta  Medica),  and  International  Pharmaceuti- 
cal Abstract  data  bases  were  searched  in  1986  to  lo- 
cate cu  rrent  I  iteratu  re  pertai  n  i  ng  to  the  carci  nogen  ic- 
ity  and  mutagenicity  of  the  herbicides.  That  search 
was  updated  to  make  the  document  current  for  in- 
formation available  as  of  January  1989. 

Data  from  the  U.S.  Department  of  Agriculture, 
Forest  Service,  Pesticide  Background  Statements 
(USDA  1984),  and  the  California  Department  of 
Food  and  Agriculture  Summaries  of  Toxicological 
Data  were  reviewed  and  compared  to  summaries  of 
studies  submitted  to  EPA  for  registration  of  the  19 
herbicides.  Whenever  possible,  studies  that  EPA 
reviewed  and  validated  were  used  to  set  toxicity  ref- 
erence levels.  No  EPA-invalidated  studies  were 
used. 


HAZARD  ANALYSIS 
TERMINOLOGY 

Because  of  obvious  limitations  on  the  testing  of 
chemicals  on  humans,  judgments  about  the  poten- 
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tial  hazards  of  pesticides  to  humans  are  necessarily 
based  on  the  results  of  toxicity  tests  on  laboratory 
animals.  These  toxicity  test  results  are  supple- 
mented by  information  on  actual  human  poisoning 
incidents  and  effects  on  human  populations  when 
they  are  available.  The  discussion  of  laboratory  tox- 
icity testing  that  follows  is  drawn  from  Hayes  (1982), 
Doull  et  al.  (1980),  and  Loomis  (1978). 


Laboratory  Toxicity  Testing 


Test  Animal  Species 

Laboratory  test  animals  function  as  models  of  the 
likely  effects  of  a  pesticide  in  humans.  Ideally,  the 
test  animal  should  metabolize  the  compound  the 
same  as  a  human  would  and  should  have  the  same 
susceptible  organ  systems.  Results  of  such  tests 
could  then  be  directly  extrapolated  to  humans  with 
some  adjustment  made  for  differences  in  body 
weight  and  body  surface  area.  Although  no  test  ani- 
mal has  proven  ideal,  a  number  of  species  have 
proven  to  be  consistent  indicators  for  certain  types 
of  toxicity  tests,  routes  of  administration,  and  types 
of  chemicals;  in  particular,  rats,  mice,  rabbits,  ham- 
sters, guinea  pigs,  dogs,  and  monkeys. 


Toxicity  Endpoints  and  Toxicity 
Reference  Levels 

Toxicity  is  the  ability  of  a  substance  to  produce 
an  adverse  effect  on  an  organism.  In  general, 
adverse  effects  progress  relative  to  duration  of  expo- 
sure. Toxicity  tests  are  designed  to  identify  specific 
toxicity  endpoints,  such  as  death  or  cancer,  and  tox- 
icity reference  levels,  such  as  an  LD50  or 
no-observed-effect  level  (NOEL).  In  addition  to  the 
test  animal  used  (previously  discussed),  toxicity 
tests  vary  according  to  test  duration,  route  of  admin- 
istration, dose  levels,  dosing  schedule,  number  of 
test  groups,  and  number  of  animals  per  group.  Tox- 
icity tests  also  vary  on  the  basis  of  whether  it  is 
assumed  that  the  effect  in  question  is  a  threshold 
effect  or  a  nonthreshold  effect. 


Threshold  and  Nonthreshold  Effects 

Most  chemicals  are  assumed  to  have  a  threshold 
level  of  toxic  effects  on  a  local  basis  (at  the  site  of 
administration)  or  systemic  basis  (acting  through- 
out the  body),  below  which  no  adverse  effects  occur 
to  the  test  organism.  Chemicals  are  generally 
thought  to  possess  no  such  threshold  level  for 
cancer  and  mutations,  thus  these  toxic  endpoints 
may  occur  (with  a  certain  level  of  probability)  even 
in  the  presence  of  extremely  small  quantities  of  the 


substance.  I  n  the  discussion  of  each  herbicide  in  this 
hazard  analysis,  threshold  effects  are  discussed 
first;  nonthreshold  effects  (cancer  and  mutagenic- 
ity) are  discussed  second.  The  term  "greater  than," 
which  is  used  frequently  to  describe  threshold 
effect,  indicates  that  no  adverse  effects  have  been 
observed  at  the  highest  dosage  level. 


Duration  of  Toxicity  Tests 

The  duration  of  toxicity  tests  ranges  from  very 
short-term  acute  tests  to  longer  subchronic  studies 
to  chronic  studies  that  may  last  the  lifetime  of  an  an- 
imal. Acute  toxicity  studies  involve  administration  of 
a  single  dose  to  each  member  of  a  test  group  (either 
at  one  time  or  in  a  cumulative  series  over  a  short 
period  of  less  than  24  hours)  or  several  daily  doses 
over  a  short  duration  (with  a  maximum  duration  of 

2  weeks).  Subchronic  toxicity  studies,  used  to  ana- 
lyze the  effects  of  multiple  doses,  usually  last  from 

3  weeks  to  3  months  but  generally  last  less  than  one- 
half  the  lifetime  of  the  test  animal.  Chronic  studies, 
also  used  to  analyze  the  effects  of  multiple  or  con- 
tinuous doses,  normally  last  2  years  or  more  but 
generally  more  than  one-half  of  the  test  species'  life- 
time. 


Routes  of  Administration 

Routes  of  administration  include  oral  by  gavage 
(forced  into  the  stomach  with  a  syringe  through  plas- 
tic tubing)  or  fed  in  the  diet,  dermal  (applied  to  the 
skin),  inhalation  (through  exposure  to  vapors  or 
aerosol  particles),  and  parenteral  (injection  other 
than  into  the  intestine).  Parenteral  routes  include 
subcutaneous  (injected  under  the  skin),  intraperito- 
neal (injected  into  the  abdominal  cavity),  and  intra- 
venous (injected  into  a  vein).  Oral,  dermal,  and  inha- 
lation doses  most  nearly  duplicate  the  likely  routes 
of  exposure  to  humans;  therefore,  these  administra- 
tion routes  are  used  most  frequently  in  toxicity  test- 
ing. In  addition,  ingestion  and  inhalation  are  consid- 
ered the  most  important  routes  of  exposure  for 
pesticides  in  humans. 


Dosing  Levels 

Doses  are  expressed  in  several  ways.  They  can  be 
expressed  as  milligrams  (mg,  which  is  1/1,000  of  a 
gram)  of  the  chemical  per  kilogram  (kg,  which  is 
1,000  grams)  of  body  weight  of  the  test  animal,  or 
in  parts  per  million  (ppm)  in  the  animal's  diet,  or  in 
milligrams  per  liter  (mg/L)  in  the  air  the  animal 
breathes  or  in  the  water  it  drinks.  In  long-term  stud- 
ies, the  test  substance  is  generally  administered  in 
the  diet  with  specified  amounts  in  parts  per  million. 
The  body  weight  and  food  consumption  of  the  test 


E3-2 


SECTION  E3  -  HUMAN  HEALTH  HAZARD  ANALYSIS 


animal  over  the  test  period  is  used  to  convert  parts 
per  million  in  the  diet  to  milligrams  of  chemical  per 
kilogram  of  body  weight  per  day  (mg/kg/day)  for 
extrapolation  to  humans.  In  most  chronic  toxicity 
studies,  at  least  three  dosing  levels  are  used  in  addi- 
tion to  a  zero-dose,  or  control  group.  In  general,  the 
control  group  animals  are  administered  the  vehicle 
(for  example,  water  or  saline)  used  in  administering 
the  test  material.  In  a  dietary  study,  the  basal  feed 
serves  as  the  vehicle. 


Types  of  Laboratory  Toxicity 
Studies  Used  in  the  Risk 
Assessment 


Acute  Toxicity  Studies 

Acute  toxicity  studies  are  used  to  determine  a 
number  of  toxicity  endpoints  based  on  a  single  dose 
or  several  large  doses  of  a  substance.  An  important 
endpoint  in  acute  testing  is  the  toxicity  reference 
level  known  as  the  median  lethal  dose  (LD50),  which 
is  the  dose,  usually  administered  orally,  that  kills  50 


percent  of  the  test  animals.  The  lower  the  LD50,  the 
greater  the  toxicity  of  the  chemical.  The  LD50  ranges 
for  the  acute  oral  toxicity  categories  used  in  this  risk 
assessment  are  those  of  the  EPA  classification 
system  using  rat  oral  LD50S,  as  shown  in  Table  E3-1 
(adapted  from  Maxwell  1982).  Acute  toxicity  studies 
are  also  used  to  estimate  dose  levels  to  be  used  in 
longer  term  studies.  In  addition  to  the  acute  oral 
LD50  test  in  rats,  in  its  battery  of  laboratory  toxicity 
studies  considered  as  acute  tests,  EPA  (40  CFR  Part 
158)  includes  acute  dermal,  acute  inhalation  (rat), 
eye  irritation  (rabbit),  dermal  irritation  (rabbit),  der- 
mal sensitization  (guinea  pig),  and  acute  delayed 
neurotoxicity  (hen).  The  last  test  is  required  for 
chemicals,  such  as  organophosphate,  that  are 
known  to  cause  cholinesterase  depression  or  other 
nervous  system  effects.  Because  lethality  is  the 
intended  toxic  endpoint  in  the  acute  oral,  dermal, 
and  inhalation  studies,  dose  levels  usually  are  set  rel- 
atively high.  Toxic  symptoms  displayed  by  the  ani- 
mals may  be  recorded  throughout  the  study,  and 
tissues  and  organs  are  examined  for  abnormalities 
at  the  end  of  the  test.  The  animal  most  commonly 
used  for  oral  LD50S  is  the  rat.  Rabbits  are  used  most 
often  to  determine  dermal  LD50S. 


Table  E3-1 

Acute  Toxicity  Classification  and  Acute  Toxicities  of  the  19  Herbicides,  Carriers, 
and  Other  Substances  for  Comparison,  Being  Evaluated  for  Use  in  Vegetation  Management 

in  Relation  to  Other  Chemicals 


Toxicity  Category1 
(label  signal  words) 


Herbicide  or  Other 
Chemical  Substance 


Oral  LD50  for  Rats 
(mg/kg) 


Equivalent 
Human  Dose 


IV    Very  slight 


III     Slight  (caution) 


5,000  -  50,000  (range) 

More  than  1  pint 

Sugar 

30,000 

Kerosene 

28,000 

Ethyl  alcohol 

13,700 

Dalapon2 

7,577 

Diesel  Oil 

7,380 

Chlorsulfuron 

5,545 

Imazapyr 

greater  than  5,000 

Sulfometuron  Methyl 

greater  than  5,000 

Simazine 

greater  than  5,000 

Metsulfuron  Methyl 

greater  than  5,000 

500  -  5,000  (range) 

1  ounce  to  1  pint 

Mefluidide 

greater  than  4,000 

Glyphosate 

4,320 

Clopyralid 

4,300 

Picloram 

4,012 

Bromacil 

3,998 

Diuron 

3,750 

Table  salt 

3,750 

Bleach 

2,000 

Aspirin,  Vitamin 

E3 

1,700 

Hexazinone 

1,690 
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Table  E3-1  (Continued) 

Acute  Toxicity  Classification  and  Acute  Toxicities  of  the  19  Herbicides,  Carriers, 
and  Other  Substances  for  Comparison,  Being  Evaluated  for  Use  in  Vegetation  Management 

in  Relation  to  Other  Chemicals 


Toxicity  Category1 

Herbicide  or  Other 

Oral  LDso  for  Rats 

Equivalent 

(label  signal  words) 

Chemical  Substance 

(mg/kg) 

Human  Dose 

III    Slight  (caution) 

Amitrole3 

1,100 

(continued) 

Formaldehyde 

Dicamba 

Atrazine 

Tebuthiuron 

Triclopyr 

800 
757 
672 
644 
630 

II    Moderate  (warning) 

2,4-D 
Caffeine 

50  - 

500  (range) 

375 
200 

1  teaspoon  to  1  ounce 

I    Severe  (danger  -  poison) 

Nicotine 
Strychnine 

(rodenticide) 
Parathion 

(insecticide) 
TCDD  (adioxin) 
Botulinus  Toxin 

0 

-  50  (range) 

50 

30 

13 

0.1 
0.00001 

1  teaspoon  or  less 

1  Categories,  signal  words,  and  LDS0  ranges  are  based  on  a  classification  system  used  by  EPA  for  labeling  pesticides. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

3  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Adapted  from  Maxwell  (1982). 


Figure  E3-1  illustrates  the  relationship  between 
the  LD50  and  the  dose  level  at  which  no  adverse 
effects  were  observed  (NOEL).  For  longer  term  tests, 
the  adverse  effects  may  occur  on  a  continuum  and 
prog ress  in  intensity.  Table  E3-2  summarizes  the  der- 
mal toxicity  of  the  herbicides. 


Subchronic  Toxicity  Studies 

Subchronic  studies  are  designed  to  determine  the 
effects  of  repeated  exposure  and,  in  particular,  the 
toxicity  reference  level  called  the  no-observed- 
effect  level  (NOEL),  which  is  the  highest  dose  level 
at  which  no  toxic  effects  are  observed.  If  a  chemical 
produces  effects  at  the  lowest  dose  tested  (LDT)  in 
a  study,  the  NOEL  must  be  at  some  lower  dose.  If 
the  chemical  produces  no  effects,  even  at  the  high- 
est dose  tested  (HDT),  the  NOEL  is  equal  to  or 
greater  than  the  HDT.  Another  toxic  endpoint  of 
interest  is  the  lowest  dose  showing  toxic  effects,  the 
lowest  effect  level  (LEL).  For  local  and  systemic 


effects,  the  chemical's  effect  threshold  lies  between 
the  NOEL  and  LEL  for  the  tested  species  (Figure 
E3-1).  EPA  (40  CFR  Part  158)  includes  90-day  feed- 
ing tests  (rodent  and  nonrodent),  21 -day  dermal, 
90-day  dermal,  90-day  inhalation,  and  90-day  neuro- 
toxicity studies  in  its  battery  of  subchronic  testing 
requirements  under  FIFRA. 

Subchronic  studies,  normally  employing  lower 
dose  levels  than  acute  studies,  provide  information 
on  systemic  effects,  cumulative  toxicity,  the  latency 
period  (the  time  between  exposure  and  the  manifes- 
tation of  a  toxic  effect),  the  reversibility  of  toxic 
effects,  and  appropriate  dose  ranges  to  be  used  in 
chronic  tests.  Adverse  effects  may  range  from  death 
in  the  extreme  case  to  minor  debilitating,  often 
reversible,  effects  such  as  decreased  rate  of  food 
consumption;  changes  in  body  weight;  decreased 
enzyme  levels;  changes  in  blood  constituents,  such 
as  red  blood  cells  (RBCs)  or  white  blood  cells 
(WBCs);  undesirable  constituents  in  the  urine;  or 
microscopic  changes  in  tissues. 
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LD 


50 


Acute  lethal  dose. 
One-time  or  short-term 
dose  that  is  lethal  to  50 
percent  of  treated 
animals. 


Threshold  -  Dose  level  at  which 
toxic  effects  are 
first  observed  in 
test  animals. 


NOEL  -  No-observed-effect  level. 
Long-term  dose  that  does 
not  result  in  apparent 
adverse  effects  in  test 
animals. 


LD50-CT^ 


(Not  to  Scale) 


Toxic  effects 

observed  ~ 

many  deaths 


Observed 
response 


Moderate 

toxic  effects 

observed  - 

few  deaths 


Some  toxic 

effects  observed  ~ 

no  deaths 

No  effects 
observed  ~ 


Doss 


Figure  E3-1.    Relationships  among  toxicity  reference  levels. 
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Table  E3-2 
Dermal  Toxicology  Studies  of  the  19  Herbicides  and  Additives 


Chemical 


Acute  Dermal 


Primary  Dermal 


Primary  Eye 


Subchronic  Dermal 


Amitrole1 


Atrazine 


Bromacil 


Chlorsulfuron 


Clopyralid 


2,4-D 


Dalapon3 


Dicamba 


Diuron 


Glyphosate 


Hexazinone 


Imazapyr 


III,2  LDso  for  Amizoltm  = 
10,000  mg/kg,  rabbits 
tested  (USDA  1984). 

Ill,  LDso  greater  than  2,000 
mg/kg,  rats  tested 
(EPA  1983). 

Ill,  LDso  greater  than  2,000 
mg/kg,  rabbits  tested 
(EPA  1986). 

Ill,  LD50  greater  than  3,400 
mg/kg,  rabbits  tested 
(Dupont1982). 

Ill,  LDso  greater  than  2,000 
mg/kg,  rabbits  tested 
(WSSA1983). 


Ill,2  LDso  greater  than 
3,980  mg/kg,  21.1%  2,4-D, 
rabbits  tested 
(EPA  1986a). 

Ill,  26.8%  formulation 
of  dalapon,  LD50 
greater  than  4,000  mg/kg, 
rabbits  tested  (EPA  1984). 

Ill,  LDso  greater  than 
2,000  mg/kg  (ODT),  DMA  salt, 
rabbits  tested 
(EPA  1984). 


Ill,  LD50  greater  than  2,000 
mg/kg,  rabbits  tested 
(EPA  1986). 

Ill,  LDso  (F)  equal  to  or 
greater  than  7,940  mg/kg, 
LD50  (M);  equal  to  or 
greater  than  5,010  mg/kg, 
rabbits  tested  (EPA  1986a). 


Ill,  LDso  greater  than  5,278 
mg/kg,  rabbits  tested 
(EPA  1986). 

Ill,  LDso  greater  than  2,000 
mg/kg,  rabbits  tested; 
LDso  greater  than  2,000 
mg/kg,  rats  tested  (EPA  1985, 
American  Cyanamid  Co. 
1985). 


N/A 


IV,  rabbits  tested 
(EPA  1983). 

IV,  rabbits  tested 
(EPA  1986). 

IV,  80%  a.L, 
rabbits  tested 
(EPA  1988b). 

N/A 


III,  21.1%  2,4-D, 
rabbits  tested 
(EPA  1986a). 

N/A 


IV,  rats  tested; 
rabbits  tested 
(EPA  1984). 


III,  rabbits  tested 
(EPA  1983). 

IV,  rabbits  tested 
(EPA  1986a). 


IV,  rabbits  tested 
(EPA  1988). 

IV,  rabbits  tested 
(EPA  1985). 


Ill,  rabbits  tested 
(EPA  1985a). 

II,  rabbits  tested 
(EPA  1983). 

III,  rabbits  tested 
(EPA  1986). 

Ill,  rabbits  tested 
(Dupont1982). 

N/A 


I,  rabbits  tested 
(EPA  1986a). 


Ill,  26.8%  formulation 
of  dalapon,  rabbits 
tested  (EPA  1984). 

I,  rabbits  tested 
(EPA  1983). 


IV,  rabbits  tested 
(EPA  1983). 

Ill,  rabbits  tested 
(EPA  1986b). 


I,  rabbits  tested 
(EPA  1988). 

Ill,  rabbits  tested 
(EPA  1985). 


N/A 


N/A 


N/A 


N/A 


Slight  or  questionable 
irritation  at 
unspecified  dose 
levels,  14-day  dermal 
test  on  rabbits 
(EPA  1988). 

No  toxic  symptoms  at 
doses  up  to  3,980 
mg/kg  in  rabbits 
(USDA  1984). 

N/A 


Slight  dermal  irritation 
and  edema  at  a  100 
mg/kg/day  dosage 
level,  moderate 
dermal  irritation  and 
edema  at  a  2,500 
mg/kg/day  dosage 
level,  rabbit  21 -day 
dermal  test  (EPA  1984). 

N/A 


NOEL  =  1,000 

mg/kg/day  LEL  =  5,000 

mg/kg/day 

Slight  erythema,  and 

edema;  21 -day  dermal 

test  of  rabbits 

(EPA  1986b). 

N/A 


NOEL  -  400 
mg/kg/day  (HDT), 
21-day  dermal  test  on 
rabbits  (EPA  1985). 
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Table  E3-2  (Continued) 
Dermal  Toxicology  Studies  of  the  19  Herbicides  and  Additives 


Chemical 


Acute  Dermal 


Primary  Dermal 


Primary  Eye 


Subchronic  Dermal 


Light  Fuel  Oil 


Mefluidide 


Metsulfuron 
Methyl 

Picloram 


Simazine 


Diesel  oil— III 
(tentative),  6  ml/kg 
(ODT),  rabbits  tested 
(Beck  etal.  1982). 


Kerosene  (Jet  Fuel 
A)— III  (tentative) 
LDso  greater  than  5,000 
mg/kg,  rats  tested 
(Beck  etal.  1982). 


Ill,  LDso  greater  than 
4,000  mg/kg  rabbits  tested 
(WSSA1983). 

Ill,  LD50  greater  than 
2,000  mg/kg  rabbits  tested 
(EPA  1988b). 

Ill,  LDso  greater  than 
2,000  mg/kg  (HDT),  rabbits 
tested  (EPA  1988a). 

Ill,  LD50  greater  than 
10,000  mg/kg,  rabbits  tested 
(EPA  1983). 


Sulfometuron  Methyl     III,  LD50  greater  than  2,000 
mg/kg,  rabbits  tested 
(EPA  1984). 


Tebuthiuron  II,  LD50  greater  than 

200  mg/kg,  rabbits  tested 
(EPA  1986). 

Triclopyr  III,  LDso  equal  to  or 

greater  than  2,000  mg/kg(ODT), 
no  mortalities,  rabbits 
tested  (EPA  1986). 


Diesel  oil— II 
(Beck  etal.  1982). 


Kerosene  (Jet  Fuel 
A)-IV,  rabbits 
tested;  IV,  guinea 
pigs  tested 
(Beck  etal.  1982). 


Diesel  oil— IV 
(Beck  etal.  1982). 


Kerosene  (Jet  Fuel 
A)— IV,  rabbits 
tested;  IV.guinea 
pigs  tested 
(Beck  etal. 1982). 


Diesel  oil— avg.  weight 
loss  of  0.38  kg/animal, 
no  mortality;  3,280  mg/kg 
dosage  level;  21 -day 
dermal  test  of  rabbits 
(Beck  etal.  1982). 

Kerosene  (Jet  Fuel 
A)— 75%  mortality 
(severe  dermal 
irritation,  anorexia, 
weight  loss,  depression, 
and  pale  liver  and 
kidneys)  at  6400 
mg/kg/day  dosage  level; 
21-daytestof  rabbits 
(Beck  et  al.  1982). 


IV,  rabbits  tested 
(WSSA1983). 

Ill,  rabbits  tested 
(3M  1987). 

N/A 

Ill,  70%  a.i., 
rabbits  tested 
(EPA  1988b). 

II,  rabbits  tested 
(Du  Pont  1984). 

N/A 

IV  (tech.washed) 
rabbits  tested 
(EPA  1988a). 

Ill,  rabbits  tested 
(EPA  1988a). 

N/A 

N/A 

Ill,  rabbits  tested 
(USDA1984). 

NOEL  =  greater  than 
1 ,000  mg/kg/day, 
3-week  dermal  test 
on  rabbits 
(EPA  1983b). 

III,  rabbits 
tested;  IV, 
guinea  pigs 
tested  75%  a.i. 
(EPA  1984). 

Ill,  75%  a.i. 
(EPA  1984). 

NOEL  greater  than  2,000 
mg/kg/day  (HDT)  OUST*™ 
formulation,  21 -day 
dermal  rabbit  test 
(EPA  1984). 

IV,  rabbits  tested 
(EPA  1986). 

IV,  rabbits  tested 
(EPA  1986). 

N/A 

IV,  rabbits  tested 
(EPA  1986). 

II,  rabbits  tested 
(EPA  1986). 

N/A 

1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Environmental  Protection  Agency  labeling  guidelines  for  pesticides  applied  to  skin  or  eyes. 

I.  Irreversible  corneal  opacity  at  7  days;  corrosive  to  skin. 

II.  Corneal  opacity  reversible  within  7  days;  severe  skin  irritation  at  72  hours. 

III.  No  corneal  opacity;  moderate  skin  irritation  at  72  hours. 

IV.  No  irritation  to  the  eyes;  mild  or  slight  skin  irritation  at  72  hours. 

3  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

N/A— Not  available. 
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a- 


ronic  Toxicity  Studies 


Chronic  studies,  like  subchronic  studies,  are  used 
to  determine  systemic  NOELs.  All  other  things  being 
equal,  the  longer  the  study  from  which  a  NOEL  is 
derived,  the  more  reliable  the  resulting  value. 
Chronic  studies,  however,  are  even  more  important 
in  determining  doses  that  are  hazardous  to  reproduc- 
tive success  or  in  determining  whether  the  chemical 
causes  cancer.  EPA  (40  CFR  Part  158)  includes 
chronic  toxicity  (feeding)  studies  (rodent  and  non- 
rodent),  oncogenicity  (cancer)  studies  (rat  and 
mouse),  teratogenicity  studies  (rat  and  rabbit),  and 
reproduction  studies  in  its  battery  of  chronic  testing 
requirements  under  FIFRA. 


Teratogenicity  Tests.  Teratogenicity  tests  (teratol- 
ogy studies)  are  conducted  to  determine  the  poten- 
tial of  a  chemical  to  cause  malformations  in  an 
embryo  or  a  developing  fetus  between  the  time  of 
conception  and  birth.  These  studies  generally  use 
pregnant  rats  or  rabbits  dosed  during  the  middle  pe- 
riod of  gestation  while  the  organs  of  the  fetus  are 
developing.  The  animals  are  monitored  for  func- 
tional as  well  as  structural  deformities. 


Reproduction  Studies.  Reproduction  studies  are 
conducted  to  determine  the  effect  of  the  chemical 
on  reproductive  success  as  indicated  by  fertility, 
direct  toxicity  to  the  developing  fetus,  and  survival 
and  weight  of  offspring  for  low-level,  long-term  expo- 
sure. These  tests  are  usually  performed  at  lower 
doses  than  those  used  in  teratogenicity  studies  and 
they  normally  use  rats.  Both  male  and  female  rats 
are  exposed  to  the  chemical  for  a  number  of  weeks 
before  mating.  The  number  of  resulting  pregnan- 
cies, stillbirths,  and  live  births  are  recorded.  Tests 
may  be  conducted  over  two  or  three  generations. 


Carcinogenicity  Tests.  Oncogenicity  is  defined  as 
theability  to  induce  tumors.  Benign,  as  well  as  malig- 
nant tumors,  are  considered  as  evidence  of  potential 
carcinogenicity.  Oncogenicity  tests  are  conducted 
to  determine  the  potential  for  a  chemical  to  cause 
tumors  when  fed  in  the  diet  over  the  test  animal's 
lifetime.  Testing  is  normally  conducted  with  rats  or 
mice  for  a  2-year  period. 

The  cancer  potency  of  a  chemical  is  defined  as  the 
increase  in  likelihood  of  getting  cancer  from  a  unit 
increase  in  the  dose  of  the  chemical.  It  should  be 
noted  that  the  potency  is  derived  from  data  at  high- 
dose  levels;  therefore,  to  apply  the  formula  to  low 
doses,  one  must  assume  the  applicability  of  the  for- 
mula. An  example  of  this  relationship  is  illustrated 
by  the  graph  in  Figure  E3-2.  The  slope  of  the  line 
specifies  what  the  increase  in  cancer  probability  is 
for  each  unit  increase  in  dose  in  milligrams  per  kil- 


ogram per  day  (mg/kg/day).  The  cancer  potency 
value  reflects  the  probability  of  getting  cancer  some- 
time in  a  person's  lifetime  for  each  mg/kg/day. 

The  cancer  potency  is  derived  from  tumor  data 
generated  in  laboratory  animal  studies.  Note  in  Fig- 
ure E3-2  that  the  dose  levels  used  in  the  laboratory 
cancer  studies  are  high,  but  those  that  humans  are 
likely  to  experience  from  exposure  to  the  environ- 
ment are  low.  The  figure  also  shows  that  the 
potency,  in  general,  is  a  function  of  the  applied  dose. 
Note  also  that  the  line  relating  dose  to  cancer  prob- 
ability approximates  a  straight  line  in  the  low-dose 
region. 

Several  assumptions  have  been  made  in  estimat- 
ing cancer  potencies.  First,  it  is  assumed  that  any 
dose,  no  matter  how  small,  has  some  probability  of 
causing  cancer.  This  is  an  assumption  based  on  the 
nonthreshold  hypothesis,  discussed  previously, 
which  postulates  that  even  a  single,  extremely  small 
dose  may  be  enough  to  trigger  cancer.  Second,  one 
of  the  principal  areas  of  scientific  controversy  in 
cancer  risk  assessment  is  extrapolating  the  cancer 
potency  line  from  the  high  doses  used  in  animal 
studies  to  the  far  lower  doses  to  which  humans  may 
be  exposed.  Models  other  than  the  linearized  multi- 
stage model,  which  assumes  a  straight  line  at  low 
doses,  as  illustrated  in  Figure  E3-2,  have  been  used 
for  the  extrapolation  of  cancer  data  to  assess  human 
risk.  However,  this  model  is  believed  to  be  reason- 
ably conservative  (not  underestimating  risk),  and  it 
is  the  model  EPA  uses.  Third,  the  cancer  potency 
used  in  calculating  human  risk  in  this  analysis  is  not 
the  maximum  likelihood  potency  value,  but  the 
upper  limit  value  of  the  95-percent  statistical  confi- 
dence interval. 


Mutagenicity  Assays 

This  section  describes  how  the  results  of  mutage- 
nicity assays  were  used  to  draw  conclusions  about 
the  risk  of  a  chemical  causing  genetic  effects.  Mu- 
tagenicity assays  are  used  to  determine  the  ability 
of  a  chemical  to  cause  structural  changes  (muta- 
tions) in  the  basic  genetic  material  (DNA)  of  germ 
cells  or  somatic  cells.  Germ  cell  genetic  defects 
could  possibly  lead  to  the  passing  of  defective 
genetic  instructions  to  offspring.  The  offspring  may 
develop  diseases  or  malformations  or  be  predis- 
posed to  diseases  because  of  those  inherited 
defects.  Somatic  cell  genetic  defects  are  believed  to 
play  a  role  in  the  development  of  certain  diseases, 
in  particular,  cancer. 


Heritable  Genetic  Disease.  Genetic  diseases  and 
abnormal  phenotypes  (for  example,  congenital 
anomalies)  are  produced  in  humans  as  a  conse- 
quence of  genetic  errors  occurring  at  the  gene  or 
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Figure  E3-2.    Cancer  potency  curve. 
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chromosome  levels  (McKusick  1983,  Denniston 
1982).  Most  humans  affected  by  genetic  disease 
inherited  their  disease  or  predisposition  for  the  dis- 
ease as  a  pre-existing  genetic  error  (Matsunaga 
1982,  Carter  1977).  The  same  is  true  for  congenital 
anomalies.  A  small  percentage  of  affected  individu- 
als represent  "new"  mutations  that  were  not  pre- 
existing in  the  germ  lines  of  their  parents.  The  spe- 
cific causes  of  these  "new"  mutations  are  unknown 
but  could  arise  spontaneously,  or  could  be  induced 
by  natural  mutagens  (forexample,  anatoxins  or  back- 
ground radiation),  therapeutic  regimens  (cancer 
treatment  with  agents  such  as  Cytoxan  or  Adrio- 
mycin),  or  environmental  or  occupational  exposures 
to  mutagenic  chemicals  (Brusick  1987). 

To  date,  epidemiological  studies  of  human  popu- 
lations have  revealed  the  existence  of  more  than  two 
dozen  human  carcinogens  but  have  failed  to  confirm 
epidemiologically  an  agent  that  could  be  legiti- 
mately classified  as  a  human  germ  cell  mutagen. 
Consequently,  assessments  of  human  genetic  risk 
must  be  built  upon  evidence  from  nonhuman 
sources  and  extrapolated  to  human  populations. 

According  to  EPA's  guidelines  for  germ  cell 
mutagenicity  risk  assessment  (Fed.  Reg.  51(185): 
34006-34012,  Sept.  24,  1986),  mutagenic  endpoints 
of  concern  include  point  mutations  (submicros- 
copic  changes  in  the  base  sequence  of  DNA)  and 
structural  or  numerical  chromosome  aberrations. 
Structural  aberrations  include  deficiencies,  duplica- 
tions, insertions,  inversions,  and  translocations.  Nu- 
merical aberrations  are  gains  or  losses  of  whole  chro- 
mosomes. Other  relevant  test  endpoints  include 
DNA  damage,  unscheduled  DNA  synthesis  (UDS), 
recombination  and  gene  conversion,  and  sisterchro- 
matid  exchange  (SCE). 

The  species  used  in  mutagenicity  assays  range 
from  primitive  organisms,  such  as  the  bacteria  Sal- 
monella, Escherichia,  and  Streptomyces;  the  mold 
Aspergillus;  the  yeast  Saccharomyces;  and  the  fruit 
fly  Drosophila,  to  more  advanced  organisms  includ- 
ing mammalian  species.  Tests  may  be  conducted  in 
vivo  (within  the  body  of  the  living  organism)  or  in 
vitro  (on  cells  cultured  outside  the  body  in  a  petri 
dish  or  test  tube). 

According  to  Dr.  David  Brusick  (1987),  data  that 
might  be  used  in  germ  cell  mutagenicity  risk  assess- 
ments come  from  mutagenicity  studies  that  can  be 
categorized  as  follows: 


Mammalian  germ  cell  tests: 

Mammalian  model  studies  for  germ  cell 
alterations  consist  predominantly  of  tests 
on  rodent  models  (typically  the  mouse)  for 
transmissible  effects  (specific  locus,  herita- 
ble translocation,  and  selected  dominant 


genes)  and  nontransmissible  effects  (dom- 
inant lethal,  chromosomal  aberrations,  gon- 
adal DNA  damage  and  repair). 


Short-term  tests: 

(1)  Mammalian  model  studies  for  somatic 
cell  alterations  include  many  of  the  tests 
commonly  used  in  genetic  toxicology 
suchaschromosomeanalysis.micronu- 
cleus  tests,  tests  for  unscheduled  DNA 
synthesis  (UDS),  and  measurements  of 
DNA  adducts. 

(2)  Submammalian  model  studies  for  germ 
cell  or  somatic  cell  alterations— typical 
tests  in  this  group  are  the  Drosophila 
sex-linked  recessive  lethal  assay  and 
the  Salmonella  reverse  mutation  assay 
(Ames  test). 

(3)  Mammalian  cell  in  vitro  tests— cultured 
mammalian  cells  can  be  screened  for  all 
classes  of  genetic  alterations  (that  is, 
chromosome  damage,  gene  mutation, 
UDS). 


Genotoxic  Carcinogens.  NRC  (1987)  states  that 
there  are  two  broad  mechanisms  by  which  chemi- 
cals cause  cancer:  by  some  direct  chemical  interac- 
tion with  the  DNA  structures  of  the  cell  or  by  indirect 
effects  on  the  cellular  environment  that  increase  the 
tumor  yield  without  direct  chemical  alteration  of 
DNA.  The  former  are  termed  genotoxic  carcinogens 
and  the  latter,  epigenetic  carcinogens. 

EPA  describes  the  use  of  mutagenicity  tests  as  evi- 
dence in  judging  the  likelihood  that  a  chemical  is  a 
genotoxic  carcinogen.  According  to  EPA's  guide- 
lines for  carcinogen  risk  assessment  (Fed.  Reg. 
51(185):33992-34003,  Sept.  24,  1986): 

Tests  for  point  mutations,  numerical  and 
structural  chromosome  aberrations,  DNA 
damage/repair,  and  in  vitro  transformation 
provide  supportive  evidence  of  carcinoge- 
nicity and  may  give  information  on  poten- 
tial carcinogenic  mechanisms.  A  range  of 
tests  from  each  of  the  above  end  points 
helps  to  characterize  an  agent's  response 
spectrum. 

Short-term  in  vivo  and  in  vitro  tests  that  can 
give  indication  of  initiation  and  promotion 
activity  may  also  provide  supportive  evi- 
dence for  carcinogenicity.  Lack  of  positive 
results  in  short-term  tests  for  genetic  tox- 
icity does  not  provide  a  basis  for  discount- 
ing positive  results  in  long-term  animal  stud- 
ies. 
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The  methods  for  cancer  risk  analysis  using  animal 
data  have  been  reasonably  well  formulated.  How- 
ever, in  the  absence  of  rodent  cancer  data  or  with 
negative  rodent  cancer  data,  positive  results  from 
short-term  tests  for  genotoxicity  have  been  used  as 
justification  for  questioning  the  adequacy  of  the 
rodent  cancer  studies.  The  rationale  for  such  a  use 
of  short-term  assays  rests  with  the  close  mechanis- 
tic and  correlative  association  between  carcinogens 
and  mutagens  (Brusick  1987,  Shelby  1988). 

Estimates  of  cancer  potency  that  are  used  to 
assess  cancer  risk  are  based  on  the  results  of  long- 
term  feeding  studies  indicating  tumor  induction 
rather  than  on  the  results  of  short-term  mutagenicity 
assays.  An  approach  that  has  been  suggested  by 
some  experts  is  to  develop  worst-case  estimates  of 
cancer  risk  from  cancer  studies  regardless  of 
whether  the  studies  show  significant  evidence  of 
increasing  tumor  incidence  with  increasing  dose. 
This  risk  assessment  does  not  adopt  this  approach 
because  the  accepted  practice  in  EPA  and  the  scien- 
tific community  is  to  consider  only  those  chemicals 
with  positive  tumor  evidence  as  potential  human  car- 
cinogens. 

It  is  assumed  in  regard  to  heritable  mutagenicity 
risk  that  the  cancer  tests  are  the  more  sensitive  toxic 
endpoint  (that  is,  that  no  chemical  that  has  been 
shown  to  be  a  germ  cell  mutagen  has  not  been 
shown  to  be  carcinogenic  at  lower  doses)  and  this 
would  constitute  the  worst-case  estimator  of  risk. 


Use  of  Short-Term  Tests  to  Evaluate 
Germ  Cell  Risk 


Background.  The  published  EPA  guidelines  cited 
above  for  using  short-term  test  data  in  assessing 
mutagenic  risk  fail  to  provide  recommendations  for 
establishing  quantitative  risk  estimates.  Although 
the  EPA  guidelines  provide  broad  qualitatively 
descriptive  risk  classifications,  they  are  insufficient 
for  formulating  a  quantitative  comparison  of  two  dif- 
ferent chemicals  that  may  fall  into  the  same  general 
class.  Therefore,  Government  agencies,  such  as 
BLM  and  the  Forest  Service,  have  no  guidelines  for 
conducting  quantitative  risk  assessments  to  reach 
worst-case  risk  estimates,  which  should  be  at  least 
semiquantitative. 

Each  type  of  test  described  above  has  its  partic- 
ular advantages  and  limitations.  Knowledge  of  their 
advantagesand  disadvantages isimportant  in  extrap- 
olating test  responses  to  humans.  There  may  be  a 
tendency  to  use  a  positive  response  from  an  in  vitro 
assay,  for  example,  to  operationally  define  a  tested 
chemical  as  a  mutagen  even  when  the  chemical  is 
not  shown  to  be  mutagenic  in  any  other  test.  This 
approach  to  hazard  identification  is  an  inappropriate 
use  of  such  in  vitro  tests.  Further  extension  of  these 


limited  positive  findings  into  a  presumption  of 
genetic  risk  is  not  supported  by  the  available  scien- 
tific evidence. 


Correlation  of  Rodent  Germ  Cell  Tests  With  Short- 
Term  Test  Results.  Although  no  chemical  has  been 
conclusively  established  as  a  human  germ  cell  mut- 
agen, evidence  from  studies  showing  chemical- 
induced  mutations  in  human  somatic  cells  as  well 
as  the  identification  of  rodent  germ  cell  mutagens 
argue  that  at  least  some  "new"  human  mutations  and 
their  resultant  pathologies  are  the  consequence  of 
environmental  exposures  to  mutagenic  chemicals. 
However,  without  human  data,  mammalian  germ  cell 
models  (that  is,  mouse  assays)  will  have  to  serve  as 
the  experimental  standard  upon  which  human  risk 
estimates  are  based  (Ehling  1988).  If  the  logic  of 
inferring  human  germ  cell  risk  from  the  results  of 
rodent  germ  cell  tests  is  accepted,  then  one  can 
determine  the  relative  predictive  accuracy  of  any  of 
the  nongerm  cell  tests  identified  in  the  previous  sec- 
tion for  identification  of  germ  cell  mutagens. 

Three  review  articles  have  summarized  the  results 
of  such  an  exercise  (ICPEMC  Committee  1  1983, 
Russell  et  al.  1984,  Bridges  and  Mendelsohn  1986). 
The  scientific  evidence  indicates,  however,  that  no 
nongerm  cell  test  is  sufficiently  accurate  to  predict 
the  effects  that  would  be  obtained  from  animal  germ 
cell  tests.  Therefore,  positive  responses  from  such 
tests  cannot  be  considered  evidence  supporting  a 
presumption  of  mutagenic  risk. 


A  Weight-of-Evidence  Approach  to  Germ  Cell 
Mutagenicity  Risk.  The  next  approach  to  the  use  of 
the  abundance  of  nongerm  cell  test  (that  is,  short- 
term  test)  results  is  to  establish  a  weight-of-evidence 
approach  for  collectively  evaluating  the  composite 
response  from  ail  tests  conducted  on  a  given  agent. 

Several  qualitative  (EPA  1986)  and  quantitative 
(Pet-Edwards  et  al.  1985,  Brusick  etal.  1986)  weight- 
of-evidence  schemes  for  mutagenicity  data  have 
been  proposed.  None  of  these  weight-of-evidence 
schemes  have  been  examined  in  detail  for  concord- 
ance with  the  rodent  germ  cell  data  base.  However, 
it  is  probably  wise  to  use  some  type  of  weight-of- 
evidence  scheme  to  evaluate  short-term  studies. 

The  only  scientifically  sound  method  forestablish- 
ing  human  germ  cell  mutagenic  risk  is  to  use  vali- 
dated rodent  models  for  assessing  heritable  gene  or 
chromosomal  mutations.  The  use  of  isolated  posi- 
tive responses  from  short-term  tests  (nongerm  cell 
tests  in  mammals,  submammalian  assays,  or  mam- 
malian cell  in  vitro  tests)  to  establish  genetic  risks 
is  not  supported  by  available  data  and  would  be  an 
inappropriate  use  of  such  data.  In  the  absence  of 
rodent  germ  cell  data,  a  weight-of-evidence 
approach  should  be  applied  when  using  short-term 
test  results  to  identify  potential  genetic  hazard. 
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The  weight-of-evidence  discussion  of  the  results 
of  mutagenicity  assays  for  the  19  herbicides  in  this 
risk  assessment  deals  with  those  assays  on  the  basis 
of  three  broad  groups  of  mutagenicity  endpoints:  (1 ) 
tests  for  detecting  gene  mutations,  (2)  tests  for 
detecting  chromosomal  aberrations,  and  (3)  tests 
for  detecting  primary  DNA  damage. 

Group  1  tests  include  microbial  assays,  involving 
prokaryotic  (bacteria)  and  eukaryotic  microorgan- 
isms (yeasts,  fungus)  developed  to  detect  reverse 
mutations  and,  to  a  limited  extent,  forward  muta- 
tions. Because  many  mutagens  are  inactive  before 
bioactivation  (by  metabolic  activity),  bacterial  tests 
may  include  a  bioactivation  system,  such  as  an 
S9-fraction,  consisting  of  microsomal  enzymes  of 
rats'  or  other  animals'  livers  to  activate  the  mutagen. 
A  host-mediated  assay  is  conducted  to  detect  muta- 
genic effects  in  a  microorganism,  such  as  bacteria, 
by  injecting  it  into  the  peritoneal  cavity  of  the  host 
(usually  mice)  to  allow  for  bioactivation  of  the  mut- 
agen in  vivo.  Other  tests  useful  for  predicting  gene 
mutations  are  the  fruit  fly  sex-linked  recessive  lethal 
test,  which  measures  the  frequency  of  lethal  muta- 
tions; the  mouse  specific  locus  test,  which  detects 
mutagenicity  in  germ  cells  in  vivo;  and  mammalian 
somatic  cell  assays  in  vitro  using  mouse  lymphoma 
cells,  human  lymphoblast,  and  Chinese  hamster 
ovary  cells  to  detect  forward  and  reverse  mutation. 

Group  2  tests  for  detecting  chromosomal  effects 
include  mammalian  cytogenetic  assays  in  Chinese 
hamster  ovary  cells  in  vitro  and  mice  bone  marrow 
micronucleus  in  vivo.  The  dominant  lethal  test  in 
rodents,  which  determines  lethal  mutation  in  germ 
cells,  and  the  heritable  translocation  test  in  mice, 
which  detects  the  heritability  of  chromosomal  dam- 
age, are  important  tests  performed  with  live  animals. 
Fruit  flies  and  other  insects  also  are  used  to  detect 
heritable  chromosomal  effects  in  vivo. 

Group  3  tests  for  the  existence  of  DNA  damage 
caused  by  mutagens  are  based  on  detection  of  the 
damage  by  biologic  processes,  such  as  DNA  repair 
and  recombination,  which  occur  after  DNA  damage. 
Tests  to  determine  such  processes  use  bacteria, 
yeast,  and  mammalian  cells  in  vitro,  with  or  without 
metabolic  activation.  Unscheduled  DNA  synthesis, 
for  example,  is  often  used  to  indicate  DNA  repair  in 
human  cells  in  vitro.  Mitotic  recombination  and  gene 
conversion  indicate  DNA  damage  in  yeast,  and  sister 
chromatid  exchange  indicates  DNA  damage  in 
mouse  lymphoma  cells,  Chinese  hamster  ovary 
cells,  and  human  lymphocytes. 

The  weight-of-evidence  approach  used  in  this  risk 
assessment  is  similar  to  that  of  EPA  (1 986).  It  places 
greater  emphasis  on  assays  conducted  in  germ  cells 
than  in  somatic  cells  (for  detecting  heritable  muta- 
tions), in  vivo  rather  than  in  vitro,  in  eukaryotes 
rather  than  prokaryotes,  and  in  mammalian  species 
rather  than  submammalian  species.  In  vivo  mamma- 


lian systems  are  considered  to  be  of  greater  value 
because  of  their  similarity  to  human  physiology  and 
metabolism.  EPA  (1986)  classifies  the  evidence  for 
potential  human  germ-cell  mutagenicity  as  suffi- 
cient, suggestive,  or  limited,  depending  on  the 
results  of  various  tests  performed.  Forinstance,  pos- 
itive results  in  even  one  in  vivo  mammalian  germ-cell 
mutation  test  are  considered  sufficient  evidence  for 
potential  human  mutagenicity  of  a  specific  chemi- 
cal. 


Epidemiology  Studies 

The  effects  on  humans  of  exposure  to  chemicals 
in  the  environment  can  be  derived  from  in  vivo  or 
in  vitro  laboratory  studies  (as  described  above),  re- 
ports of  clinical  observations  of  isolated  exposed 
individuals  (human  poisoning  incidents),  experimen- 
tal studies  in  humans,  or  from  direct  observations  of 
exposed  human  populations.  The  data  on  humans 
generally  fall  into  two  categories:  clinical  data  on 
individuals  and  epidemiological  data  revealing  pat- 
terns of  disease  or  death  in  groups  of  humans 
exposed  to  single  agents  or  to  several  different  sub- 
stances (NRC 1986).  Thus,  epidemiology  studies  are 
done  to  investigate  the  causes  of  disease  in  specified 
human  populations  by  examining  relationships 
between  the  incidence  of  particular  disease  types 
and  factors  associated  with  the  disease,  such  as  the 
use  of  particular  substances  in  the  work-place.  One 
such  association  is  with  agricultural  workers'  use  of 
various  pesticides  and  the  incidence  of  several  types 
of  cancer  among  them. 

Studies  the  National  Cancer  Institute  conducted 
have  found  that  fewer  farmers  die  from  cancer  than 
would  be  expected  based  on  the  cancer  death  rate 
among  the  general  population  in  the  United  States. 
However,  farmers  have  a  higher  risk  of  developing 
lymphatic  and  blood-related  cancer,  including 
leukemia  and  cancer  of  the  prostate,  skin,  and  stom- 
ach (Blair  1982;  Blair  et  al.  1985;  Blair  and  Thomas 
1979;  Blair  and  White  1981,  1985;  Cantor  1982; 
Cantor  and  Blair  1984;  Weininger  et  al.  1987). 

Although  no  single  agricultural  factor  has  been 
consistently  associated  with  increased  rates  of  spe- 
cific cancer  types,  correlations  with  insecticide  and 
herbicide  use  were  noted  in  a  number  of  studies 
(Blair  and  White  1985,  Cantor  1982,  Cantor  and  Blair 
1984,  Cantor  et  al.  1985).  In  the  United  States, 
farmers  have  a  much  lower  rate  of  lung  cancer  than 
the  general  population,  primarily  because  of  their 
lower  smoking  rate  (Blair  1982).  However,  a  cohort 
study  of  pesticide-exposed  male  agricultural  work- 
ers in  the  German  Democratic  Republic  (Barthel 
1 981 )  found  that  they  had  a  significantly  higher  mor- 
tality rate  from  lung  cancer  than  the  general  popu- 
lation. 
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In  a  cohort  study  of  licensed  pesticide  applicators 
in  Florida,  excessive  deaths  were  observed  for  leuke- 
mia and  cancers  of  the  brain  and  lung  (Blair  et  al. 
1983).  The  risk  of  lung  cancer  rose  with  the  number 
of  years  licensed  (Blair  et  al.  1983).  Other  studies 
have  found  little  or  no  correlation  between  cancer 
i ncidence  and  pesticide  use  (Blair  and  Thomas  1 979, 
Blairand  White  1981),  although  factorssuch  as  expo- 
sure to  oncogenic  animal  viruses  have  been  related 
to  increases  in  certain  types  of  cancer  (Blair  1982, 
Blair  et  al.  1985). 


Animai  Metabolic  Elimination 
Studies 

The  herbicides  evaluated  in  this  risk  assessment 
are  rapidly  excreted  when  administered  to  animals. 
Elimination  of  90  percent  or  more,  within  2  hours  to 
5  days,  was  reported  for  most  of  the  19  herbicides. 
For  example,  93  percent  of  2,4-D  was  excreted  in  rats 
within  2  hours  (Grissom  et  al.  1985),  and  100  percent 
was  excreted  within  5  days  (Fisher  et  al.  1985).  Di- 


camba  studies  revealed  up  to  100  percent  excretion 
within  48  hours  in  rats  and  99  percent  excretion 
within  4  days  in  mice  (EPA  1984).  For  glyphosate, 
approximately  92  percent  of  the  dose  was  excreted 
from  rabbits  within  5  days  (USDA  1984).  Ninety- 
three  percent  of  hexazinone  was  excreted  from  rats 
within  24  hours,  and  94.2  to  100  percent  was 
excreted  within  72  hours  (USDA  1984).  Picloram 
excretion  was  90  percent  within  48  hours  for  dogs 
(USDA  1984)  and  96  percent  within  24  hours  for  an 
unspecified  animal  (Nolan  et  al.  1984,  as  cited  in 
Lavy  and  Mattice  1986).  Eighty-three  to  ninety-one 
percent  of  triclopyr  was  excreted  from  rats  within  an 
unspecified  time  (USDA  1984).  In  addition  to  the 
rapid  elimination  of  the  herbicides,  tissue  retention 
studies  showed  low  residue  concentrations  in  ani- 
mal tissues  (USDA  1984).  The  elimination  rates  are 
summarized  in  Table  E3-3. 

Based  on  the  high  elimination  rates  and  low  tissue 
retention,  the  19  herbicides  used  for  vegetation  man- 
agement present  a  low  risk  for  bioaccumulation. 
Bioaccumulation  analyses  were  therefore  not  con- 
ducted for  this  risk  assessment. 


Table  E3-3 
Elimination  Rates  of  the  19  Herbicides 


Chemical 


Test  Animal 


Elimination  Rate 


Amitrole1 

Rat 

Atrazine 

Rat 

Bromacil 

Rat 

Chlorsulfuron 

Rat 

Clopyralid 

N/A 

2,4-D 

Rat 
Rat 

Dalapon2 

Dog 
Human 

Dicamba 

Rat 
Mouse 

Diuron 

N/A 

Glyphosate 

Rabbit 
Rat 

Hexazinone 

Rat 
Rat 

Imazapyr 

Rat 

Mefluidide 

Cow 
Sheep 

Metsulfuron 
Methyl 

Rat 

Picloram 

Dog 
Unspecified 

70.0  to  95.5%  within  24  hours  (Fang  et  al  1964,  1966  as  cited  in  USDA  1984). 

65.5%  within  72  hours  (Bakke  et  al.  1972  cited  in  USDA  1984). 

50%  elimination  within  2  days  (E.I.  DuPont,  1990). 

95%  within  an  unspecified  period  (EPA  1988b). 

N/A 

93%  within  2  hours  (Grissom  et  al.  1985). 
100%  within  5  days  (Fisher  et  ai.  1985). 

50%  within  an  unspecified  period  (Hoerger  1969  cited  in  EPA  1987). 
50%  within  an  unspecified  period  (Hoerger  1969  cited  in  EPA  1987). 

100%  within  48  hours  (EPA  1984). 
99%  within  4  days  (EPA  1984). 

N/A 

92%  within  5  days  (USDA  1984). 
94%  within  5  days  (FAO/WHO  1986). 

93%  within  24  hours  (USDA  1984). 

94.2  to  100%  within  72  hours  (USDA  1984). 

87%  within  24  hours  (American  Cyanamid  1985). 

88.6%  within  5  days  (I vie  1980). 
83.2%  within  5  days  (Ivie  1980). 

90.2%  within  3  days  (EPA  1988b). 

90%  within  48  hours  (USDA  1984). 

96%  within  24  hours  (Nolan  et  al.  as  cited  in  Lavy  and  Mattice  1986). 
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Table  E3-3  (Continued) 
Elimination  Rates  of  the  19  Herbicides 


Chemical 


Test  Animal 


Elimination  Rate 


67  to  77%  within  an  unspecified  period  (Bakke  and  Robbins  1968  cited  in  EPA  1987c). 
67  to  77%  within  an  unspecified  period  (Bakke  and  Robbins  1968  cited  in  EPA  1987c). 


Simazine 

Goat 

67  to  77 

Sheep 

67  to  77 

Sulfometuron 

Methyl 

N/A 

N/A 

Tebuthiuron 

Mouse 

Greater 

Rat 

Greater 

Rabbit 

Greater 

Dog 

Greater 

Duck 

Greater 

Steer 

Greater 

than  85%  within  96  hou 
than  85%  within  96  hou 
than  85%  within  96  hou 
than  85%  within  96  hou 
than  85%  within  96  hou 
than  85%  within  96  hou 


rs  (Elanco  Products  Co.  1983). 
rs  (Elanco  Products  Co.  1983). 
rs  (Elanco  Products  Co.  1983). 
rs  (Elanco  Products  Co.  1983). 
rs  (Elanco  Products  Co.  1983). 
rs  (Elanco  Products  Co.  1983). 


Triclopyr 


Rat 


83  to  91%  within  an  unspecified  period  (USDA  1984). 


1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 


N/A—  Not  available. 


TOXICITY  OF  THE  19 
HERBICIDES 

Overview  of  Toxicity 

The  toxicity  reference  levels  used  in  this  risk 
assessment  to  describe  acute  and  chronic  threshold 
effects  of  the  19  herbicides  are  presented  in  Table 
E3-4.  The  LD50S  in  this  table  are  from  rat  oral  studies. 
Two  types  of  NOELs  are  given  in  Table  E3-4.  The 
first  NOEL  is  for  general  systemic  effects,  such  as 
growth  retardation,  decreased  red  blood  cell  counts, 
and  increased  thyroid  weight.  For  amitrole, 
dicamba,  imazapyr,  picloram,  tebuthiuron,  and  tric- 
lopyr, subchronic  study  NOELs  were  used  because 
they  are  the  lowest  NOELs  found  in  the  literature. 
The  second  NOEL  is  for  reproductive  and  develop- 
mental effects,  including  infertility,  miscarriage, 
general  fetal  toxicity,  and  birth  defects  (teratogenic- 
ity). Where  information  is  available,  NOELs  are  given 
for  reproductive  and  teratogenic  effects.  All  the 
NOELs  used  are  the  lowest  found  in  EPA-validated 
studies. 

The  following  subsections  summarize  the  most 
relevant  acute,  subchronic,  and  chronic  toxicity 
tests  conducted  on  the  19  herbicides.  These  studies 
are  included  under  the  "Threshold  Effects"  subsec- 
tion of  each  herbicide.  Areas  where  no  validated 
studies  exist  or  for  which  EPA  has  requested  addi- 
tional studies  are  noted. 


The  results  of  cancer  and  mutagenicity  tests  are 
discussed  for  each  herbicide  under  the  "Non- 
threshold  Effects"  subsection.  Table  E3-5  summa- 
rizes the  EPA-reviewed  mutagenicity  tests  on  each 
of  the  1 9  herbicides  for  each  category  of  testing  rec- 
ommended by  EPA  in  their  guidance  documents  on 
mutagenicity  (EPA  1978,  EPA  1984).  Table  E3-5  also 
presents  the  relevance  of  the  recommended  tests  to 
a  determination  of  human  mutagenic  potential  ac- 
cording to  Dr.  David  Brusick  (1987).  The  weight-of- 
evidence  approach  described  previously  is  used  to 
assess  mutagenicity  risk.  In  general,  mutagenic 
assays  most  relevant  for  determining  heritable  muta- 
tions are  in  vivo  cell  studies  and  germ  cell  or  gonadal 
studies  (for  example,  the  mouse  specific  locus  test). 
A  germ  cell  study  may  be  considered  relevant  to  eval- 
uating the  germ-cell  mutagenicity  of  a  chemical 
even  if  the  test  organism  is  not  mammalian  (Droso- 
phila  sex-linked  recessive  lethal  assay).  In  vitro  stud- 
ies using  mammalian  cells  are  less  reliable  because 
of  the  high  percentage  of  false  positive  findings 
caused  by  nonphysiologic  treatment  conditions  and 
other  phenomena.  Tests  used  to  detect  primary  DNA 
damage  (Group  3  in  Table  E3-5)  are  not  generally 
reliable  for  determining  the  mutagenic  potential  of 
a  chemical  to  affect  human  germ  cells.  Most  tests 
reviewed  in  the  present  evaluations  were  derived 
from  those  reviewed  by  EPA  in  tox  one-liners  or  EPA 
science  chapters.  If  tox  one-liners  or  science  chap- 
ters were  unavailable,  studies  of  mutagenicity  were 
obtained  from  USDA  pesticide  background  state- 
ments, which  reported  studies  from  the  open  litera- 
ture. Results  reported  within  the  same  study  for  dif- 
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Table  E3-4 
Laboratory- Determined  Toxicity  Levels  Used  in  the  Risk  Analysis 


Herbicide 


Acute  Oral  LD50 
in  Rats 


Systemic  NOEL 


Lowest  Reproductive 
and/or  Teratogenic  NOEL 


Amitrole1 

1,100  mg/kg 
(USDA1984). 

Atrazine 

672  mg/kg 
(EPA  1987). 

Bromacil 

3,998  mg/kg 
(EPA  1986). 

Chlorsulfuron 

5,545  mg/kg 
(Du  Pont  1982). 

Clopyralid 

4,300  mg/kg 
(WSSA1983). 

2,4-D 

375  mg/kg 
(EPA  1986a). 

Dalapon2 

7,577  mg/kg 
(EPA  1984). 

Dicamba 

757  mg/kg 
(USDA1984). 

Diuron 

3,750  mg/kg 
(EPA  1984). 

Glyphosate 

4,320  mg/kg 
(EPA  1986a). 

Hexazinone 

1 ,690  mg/kg 
(EPA  1986). 

Imazapyr 

Greater  than 
5,000  mg/kg 
(EPA  1985). 

Mefluidide 

Greater  than 
4,000  mg/kg 
(WSSA1983). 

Metsulfuron 
Methyl 

Greater  than 
5,000  mg/kg 
(EPA  1988b). 

Picloram 

4,012  mg/kg,  rat 
(EPA  1988a). 

0.5  ppm  (0.025  mg/kg/day) 
subchronic  rat  feeding  study 
(EPA  1983a,  1985b). 

15  ppm  (0.38  mg/kg/day) 
2-year  dog  feeding  study 
(EPA  1988). 

250  ppm  (6.25  mg/kg/day), 
2-year  dog  feeding  study 
(EPA  1986,  CDFA  1986). 

100  ppm  (5  mg/kg/day) 
2-year  rat  feeding  study 
(EPA  1988b). 

15  mg/kg/day,  2-year  rat 
feeding  study  (EPA  1988). 

1.0  mg/kg,  first  year 
results  from  2-year  rat 
feeding  study  (EPA  1985a). 

8  mg/kg/day,  2-year  rat 
feeding  study  (EPA  1987). 

15.8  mg/kg/day,  subchronic 
rat  feeding  study  (EPA  1987). 


25  ppm  (0.625  mg/kg/day) 
2-year  dog  feeding  study 
(EPA  1983). 

Greater  than  31  mg/kg/day, 
26-month  rat  feeding  study 
(EPA  1988). 

200  ppm  (10  mg/kg/day), 
2-year  rat  feeding/oncogenic 
study  (EPA  1988). 


500  mg/kg/day  (HDT),  90-day 
rat  feeding  study 
(American  Cyanamid  1985). 

1.5  mg/kg/day,  1-year  dog 
feeding  study  (EPA  1988). 

500  ppm  (25  mg/kg/day), 
2-year  rat  chronic  study 
(EPA  1990). 

7  mg/kg,  6-month  dog 

feeding  study 

(Mullison  1985,  EPA  1988a). 


No  birth  defects  observed  in  any  studies. 

Fetotoxic  NOEL  =  4  mg/kg/day; 
rabbit  teratology  study  (CDFA  1986). 

No  birth  defects  in  two  studies. 

Two-generation  reproductive  NOEL  of  10  ppm 
(0.5  mg/kg/day),  rat  (EPA  1988). 

No  teratogenic  effects  in  two  studies. 
Greater  than  12.5  mg/kg/day,  three-generation 
rat  reproduction  study  (EPA  1986). 

Reproductive  and  maternal  NOEL  =  500  ppm 
(25  mg/kg/day),  three-generation  rat 
reproduction  study  (EPA  1988b).  No 
teratogenic  effects  in  two  studies. 

Maternal  NOEL  =  75  mg/kg/day  (EPA  1988). 
No  teratogenic  effects  in  two  studies. 

Maternal  NOEL  =  5  mg/kg/day  (EPA  1986b). 


12.5  mg/kg/day,  one-generation  dog 
reproduction  study  (EPA  1984). 

No  teratogenic  effects  reported  in  four  studies. 

Fetotoxic  and  maternal  NOEL  =  3.0  mg/kg/day, 
rabbit  teratology  study  (EPA  1984). 

NOEL  greater  than  125  ppm,  three-generation 
rat  reproduction  study  (6.25  mg/kg/day) 
(EPA  1984). 

10  mg/kg/day,  three-generation  rat 
reproduction  study  (EPA  1986a). 


1,000  ppm  (50  mg/kg/day),  three-generation 
rat  reproduction  study  (EPA  1988). 

125  mg/kg  (HDT),  rabbit  teratology 
study  (EPA  1988). 

Maternal  toxic  NOEL  =  300  mg/kg/day,  rat 
teratology  study  (EPA  1985b). 

Teratogenic  NOEL  =  60  mg/kg/day,  rat  and 
rabbit  studies  (EPA  1988). 

Maternal  toxic  NOEL  =  25  mg/kg/day; 
reproductive  and  fetotoxic  NOEL  =  250 
mg/kg/day  (HDT),  rat  two-generation 
reproduction  study  (EPA  1988a). 

1,000  ppm  (50  mg/kg/day),  three-generation 
rat  reproduction  study  (EPA  1988a). 
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Table  E3-4  (Continued) 
Laboratory- Determined  Toxicity  Levels  Used  in  the  Risk  Analysis 


Herbicide 


Acute  Oral  LD50 
in  Rats 


Systemic  NOEL 


Lowest  Reproductive 
and/or  Teratogenic  NOEL 


Simazine  Greater  than 

5,000  mg/kg 
(EPA  1987b). 

Sulfometuron       Greater  than 
Methyl  5,000  mg/kg 

(EPA  1984). 


Tebuthiuron 


Triclopyr 


644  mg/kg 
(USDA1984). 

630  mg/kg 
(EPA  1986). 


5  mg/kg/day,  dog  feeding 
study  (EPA  1983). 

2.5  mg/kg/day,  2-  year  rat 
feeding  study  (Du  Pont  1986). 

500  ppm  (12.5  mg/kg/day), 
90-day  dog  feeding  study 
(EPA  1986). 

2.5  mg/kg/day  (HDT),  6-month 
dog  feeding  study  (40  CFR 
Part  180,50  (84):  184-85, 
May1,  1985). 


Maternal  toxic  NOEL  =  5.0  mg/kg/day, 
rabbit  teratology  study  (EPA  1987b). 

Reproductive  NOEL  =  25  mg/kg/day, 
two-generation  rat  reproduction  study 
(Du  Pont  1986). 

Maternal  toxic  NOEL  =  5  mg/kg/day, 
two-generation  rat  reproduction 
study  (EPA  1987). 

Fetotoxic  NOEL  =  10  mg/kg/day, 
rabbit  teratology  study 
(EPA  1986). 


1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  Conversion  Factors: 
Mouse  1  ppm  =  0.150  mg/kg/day 
Rat  (lifetime)  1  ppm  =  0.05  mg/kg/day 
Rabbit  1  ppm  =  0.030  mg/kg/day 
Dog  1  ppm  =  0.025  mg/kg/day 

Source:  USDA  1984. 


ferent  test  species  or  different  test  types  were 
counted  as  individual  tests.  Therefore,  a  single  study 
reported  in  EPA  tox  one-liners  may  be  represented 
more  than  once  in  Table  E3-5.  For  instance,  one 
study  that  reported  positive  results  in  the  Ames 
reverse  mutation  test  for  bacteria  Salmonella  spp. 
and  E.  coli,  activated  and  inactivated,  would  repre- 
sent four  positive  results  in  Category  1  A.  Males  and 
females,  as  well  as  different  strains  of  the  same  spe- 
cies, were  counted  as  one  test  only,  unless  different 
results  were  reported  for  each. 

Overall  results  of  mutagenicity  testing  not  subclas- 
sified  into  nongerm  cell  or  germ  cell  assays 
(numbers  of  positive  and  negative  assays)  for  each 
herbicide  are  listed  in  Table  E3-6.  For  some  of  the 
herbicides,  no  validated  mutagenicity  tests  exist  or 
the  mutagenicity  tests  conducted  are  insufficient  to 
conclude  whether  the  chemical  is  mutagenic.  For 
these  herbicides,  the  worst  case  analysis  presented 
in  Section  E5  assumed  that  these  herbicides  are  mu- 
tagenic to  somatic  cells.  In  such  cases,  the  results 
of  carcinogenicity  tests  (Table  E3-6)  were  used  to 
estimate  mutagenic  risk,  based  on  a  high  correlation 
between  mutagenic  and  carcinogenic  activity 
reported  in  several  studies  (Blackburn  et  al.  1984; 


Pogodina  et  al.  1984;  Parodi  et  al.  1981,  1982, 
1983a,b). 

The  results  of  studies  examining  the  ability  of 
these  herbicides  to  cause  cancer  are  also  discussed 
below  and  are  summarized  in  Table  E3-6.  Data  gaps 
and  areas  of  uncertainty  of  all  chemicals  are  pre- 
sented following  the  19  herbicide  discussions.  In 
addition,  data  gaps  are  presented  in  Table  E3-7.  For 
those  herbicides  for  which  a  cancer  risk  analysis  is 
done,  the  value  used  for  cancer  potency  and  the 
study  from  which  it  was  derived  are  presented. 


Amitrole 


Toxic  Effects  Seen  in  Humans 

Amitrole  is  classified  by  EPA  as  a  B2  (probable 
human)  carcinogen  (EPA  1985a).  Therefore,  the 
human  reference  dose  (or  acceptable  daily  intake 
(ADI))  for  chronic  oral  intake  established  by  EPA 
(1989)  is  0  mg/kg/day.  The  human  reference  dose 
established  by  the  World  Health  Organization  is 
0.00003  mg/kg/day  (EPA  1989). 
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Table  E3-5 
Mutagenicity  Testing  on  the  19  Herbicides  and  Light  Fuel  Oil 


Value  in  Determining 

Human  Mutagenicity2    Amitrole3    Atrazine       Bromacil       Chlorsulfuron    Clopyralld 


Mutagenicity  Test  Type1 


Group  1— Tests  for  detecting 
gene  mutuations. 

A.  Bacteria  with  and  without 
metabolic  activation  (includes 
Ames  assay). 

B.  Eukaryotic  microorganisms 
with  and  without  metabolic 
activation  (includes  yeast  assay). 

C.  Insects  (e.g.,  sex-linked 
recessive  lethal  test). 

D.  Mammalian  somatic  cells  in 
culture  with  and  without 
metabolic  activation 
(includes  mouse  lymphoma 
assay). 

E.  Mouse-specific  locus  test  in 
vivo. 

F.  Mammalian  germ  cells  in 

culture  with  and  without 
metabolic  activation.4 

G.  In  vivo  host  mediated  assay. 

Group  2— Tests  for  detecting 
chromosomal  aberrations. 

A.  Cytogenetic  tests  in  mammals 
in  vivo  (includes  rat  bone 
marrow  cell  assay). 

B.  Insect  tests  for  heritable 
chromosomal  effects  in  vivo. 

C.  Dominant-lethal  effects  in 
rodents,  heritable 
translocation  tests  in 
rodents,  and  in  vitro 
cytogenetic  assays  in  mammals. 

Group  3— Tests  for  detecting 
primary  DNA  damage. 

A.  DNA  repair  in  bacteria 
(including  differential 

killing  of  DNA  repair  defective 
strains  and  recombination 
assay)  with  and  without 
metabolic  activation. 

B.  Unscheduled  DNA  repair 
synthesis  in  mammalian 
somatic  cells  in  culture, 
with  and  without  metabolic 
activation. 

C.  Mitotic  recombination  and 
gene  conversion  in  yeast, 
with  and  without  metabolic 
activation. 

D.  Sister-chromatid  exchange  in 
mammalian  cells  in  culture, 
with  and  without  metabolic 
activation. 


+ 
++ 


++ 
++ 


2{+)56(-)     2(+)8(-)     1(+)3(-)1(-) 

4(+)  2(-) 

3(-)  1  (+)1(-)        1(+)1H 


1(+) 


K-) 


K- 


2(-)  2(+)  1(-) 


K-) 


1(-) 


++ 


++ 


4(+)  1(+)3(-)        1(-)2{-) 


1(-)+  + 


N/A 


N/A 


N/A 


N/A 


-  2(-)  1 

1(+)  1(-) 

3(+)6(-)  1(-) 
2(-)              1(-) 


K- 


E3-17 


SECTION  E3  -  HUMAN  HEALTH  HAZARD  ANALYSIS 

Table  E3-5  (Continued) 
Mutagenicity  Testing  on  the  19  Herbicides  and  Light  Fuel  Oil 


Mutagenicity  Test  Type1 


Value  in  Determining 
Human  Mutagenicity2 


2,4-D        Dalapon5     Dicamba     Diesel  Oil     Dluron    Glyphosate 


Group  1— Tests  for  detecting  gene 
mutations. 

A.  Bacteria  with  and  without 
metabolic  activation 
(includes  Ames  assay). 

B.  Eukaryotic  microorganisms  with 
and  without  metabolic  activation 
(includes  yeast  assay). 

C.  Insects  (e.g.,  sex-linked 
recessive  lethal  test). 

D.  Mammalian  somatic  cells  in 
culture  with  and  without 
metabolic  activation 
(includes  mouse  lymphoma 
assay). 

E.  Mouse-specific  locus  test  in 
vivo. 

F.  Mammalian  germ  cells  in 

culture  with  and  without 
metabolic  activation.4 

G.  In  vivo  host  mediated  assay. 

Group  2— Tests  for  detecting 
chromosomal  aberrations. 

A.  Cytogenetic  tests  in  mammals 
in  vivo  (includes  rat  bone 
marrow  cell  assay). 

B.  Insect  tests  for  heritable 
chromosomal  effects  in  vivo. 

C.  Dominant-lethal  effects  in 
rodents,  heritable 
translocation  tests  in  rodents, 
and  in  vitro  cytogenetic 
assays  in  mammals. 

Group  3— Tests  for  detecting 
primary  DNA  damage. 

A.  DNA  repair  in  bacteria 
(including  differential 
killing  of  DNA  repair  defective 
strains  and  recombination 
assay)  with  and  without 
metabolic  activation. 

B.  Unscheduled  DNA  repair 
synthesis  in  mammalian 
somatic  cells  in  culture,  with 
and  without  metabolic 
activation. 

C.  Mitotic  recombination  and 
gene  conversion  in  yeast, 
with  and  without  metabolic 
activation. 

D.  Sister-chromatid  exchange  in 
mammalian  cells  in  culture, 
with  and  without  metabolic 
activation. 


12(-)1(4 


2(-) 
1(-)1(+) 


K-) 


1(-) 


3(-) 


2(-) 


6(-) 


3(-) 


1H 


2(- 


K-) 


4(-) 


K-) 


K-) 


1{+)  1(+)  1(-) 


2(-) 


3(-)  2(+) 


1(-) 


1(-) 


N/A 


N/A 


N/A 


N/A 


4(-)1(+) 


2(-)1(+) 


2(+) 


K-) 


K-) 


1(-)  1(-) 


1(-)1(+) 
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Table  E3-5  (Continued) 
Mutagenicity  Testing  on  the  19  Herbicides  and  Light  Fuel  Oil 


Mutagenicity  Test  Type1 


Value  in  Determining 
Human  Mutagenicity2 


Hexazinone    Imazapyr    Mefluidide 


Metsulfuron 
Methyl 


Picloram 


Group  1— Tests  for  detecting 
gene  mutuations. 

A.  Bacteria  with  and  without 
metabolic  activation 
(includes  Ames  assay). 

B.  Eukaryotic  microorganisms 
with  and  without  metabolic 
activation  (includes  yeast  assay). 

C.  Insects  (e.g.,  sex-linked 
recessive  lethal  test). 

D.  Mammalian  somatic  cells  in 
culture  with  and  without 
metabolic  activation 
(includes  mouse  lymphoma 
assay). 

E.  Mouse-specific  locus  test  in 
vivo. 

F.  Mammalian  germ  cells  in 

culture  with  and  without 
metabolic  activation.4 

G.  In  vivo  host  mediated  assay. 

Group  2— Tests  for  detecting 
chromosomal  aberrations. 

A.  Cytogenetic  tests  in  mammals 
in  vivo  (includes  rat  bone 
marrow  cell  assay). 

B.  Insect  tests  for  heritable 
chromosomal  effects  in  vivo. 

C.  Dominant-lethal  effects 
in  rodents,  heritable 
translocation  tests  in 
rodents,  and  in  vitro 
cytogenetic  assays  in  mammals. 

Group  3— Tests  for  detecting 
primary  DNA  damage. 

A.  DNA  repair  in  bacteria 
(including  differential 
killing  of  DNA  repair 
defective  strains  and 
recombination  assay)  with  and 
without  metabolic  activation. 

B.  Unscheduled  DNA  repair 
synthesis  in  mammalian  somatic 
cells  in  culture,  with  and 
without  metabolic  activation. 

C.  Mitotic  recombination  and 
gene  conversion  in  yeast, 
with  and  without  metabolic 
activation. 

D.  Sister-chromatid  exchange  in 
mammalian  cells  in  culture, 
with  and  without  metabolic 
activation. 


K-) 


3(-) 


1(-)  1(+)3(-) 


+ 
++ 


1(-) 


K-) 


1« 


K-) 


K-) 


K-) 


K-) 


++ 


K+) 


2(-) 


1(+) 


N/A 


N/A 


N/A 


N/A 


1(-) 


K-) 


K-) 


1(-) 


1(-) 
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Tabie  E3-5  (Continued) 
Mutagenicity  Testing  on  the  19  Herbicides  and  Light  Fuel  Oil 


Mutagenicity  Test  Type1 


Value  in  Determining 
Human  Mutagenicity2 


Simazine 


Sulfometuron 
Methyl 


Tebuthiuron     Triclopyr 


Group  1— Tests  for  detecting  gene 
mutations. 

A.  Bacteria  with  and  without 
metabolic  activation 
(includes  Ames  assay). 

B.  Eukaryotic  microorganisms 
with  and  without  metabolic 
activation  (includes  yeast  assay). 

C.  insects  (e.g.,  sex-linked 
recessive  lethal  test). 

D.  Mammalian  somatic  cells  in 
culture  with  and  without 
metabolic  activation 
(includes  mouse  lymphoma 
assay). 

E.  Mouse-specific  locus  test  in 
vivo. 

F.  Mammalian  germ  cells  in 

culture  with  and  without 
metabolic  activation.4 

G.  In  vivo  host  mediated  assay. 

Group  2— Tests  for  detecting 
chromosomal  aberrations. 

A.  Cytogenetic  tests  in  mammals 
in  vivo  (includes  rat  bone 
marrow  cell  assay). 

B.  Insect  tests  for  heritable 
chromosomal  effects  in  vivo. 

C.  Dominant-lethal  effects  in 
rodents,  heritable 
translocation  tests  in  rodents, 
and  in  vitro  cytogenetic 
assays  in  mammals. 

Group  3— Tests  for  detecting 
primary  DNA  damage. 

A.  DNA  repair  in  bacteria 
(including  differential 
killing  of  DNA  repair 
defective  strains  and 
recombination  assay)  with  and 
without  metabolic  activation. 

B.  Unscheduled  DNA  repair 
synthesis  in  mammalian 
somatic  cells  in  culture, 
with  and  without 
metabolic  activation. 

C.  Mitotic  recombination  and 
gene  conversion  in  yeast, 
with  and  without  metabolic 
activation. 


6(-) 


1(+) 


K-) 


1(-) 


3(-) 


3(-) 


1  (+)!(-) 


K-) 


1(-) 


K-) 


K-) 


++ 


K-) 


1(-)  1(+)1(-) 


N/A 


N/A 


N/A 


2(-)K+) 


1(") 


K-) 
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Table  E3-5  (Continued) 
Mutagenicity  Testing  on  the  19  Herbicides  and  Light  Fuel  Oil 


Mutagenicity  Test  Type1 


Value  in  Determining  Sulfometuron 

Human  Mutagenicity2     Simazine  Methyl  Tebuthiuron     Triclopyr 


D.  Sister-chromatid  exchange  in 
mammalian  cells  in  culture, 
with  and  without  metabolic 
activation. 


N/A 


1H 


1  Source:  FIFRA,  Environmental  Protection  Agency:  Proposed  guidelines  for  registering  pesticides  in  the  U.S  —Hazard  evaluation- 
humans  and  domestic  animals.  Federal  Register  43:37335-37403,  August  22, 1978. 

2  N/A  Not  applicable. 

+  =  Applicable. 
++  =  Greater  applicability. 

3  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

4  This  test  type  was  not  included  in  the  FIFRA  mutagenicity  guidelines  but  was  added  to  this  table  to  incorporate  results 
of  studies  such  as  Chinese  hamster  ovary  cell  tests.  The  value  of  this  test  type  would  be  equal  to  category  1D. 

s  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use 
Therefore,  dalapon  is  no  longer  considered  for  use. 


An  epidemiology  study  (Axelson  1974,  as  cited  in 
EPA  1985a)  found  excess  tumor  incidence  and  mor- 
tality among  Swedish  railway  workers  exposed  to 
amitrole.  However,  EPA  (1985a)  deemed  the  study 
inconclusive  because  the  workers  also  were 
exposed  to  phenoxy  acids  during  the  same  time 
period.  A  follow-up  study  concluded  that  the  causal 
relationship  of  increased  cancer  incidence  to  spe- 
cific pesticides  remains  unclear  (Axelson  1980,  as 
cited  in  EPA  1985a). 


Threshold  Toxicity  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Amitrole  is  consid- 
ered to  be  slightly  to  very  slightly  toxic  for  acute 
effects  based  on  LD50  values  in  rats  which  range 
from  1,100  to  25,000  mg/kg  (USDA  1984).  The  LD50 
for  Amizol™  (formulated  amitrole)  applied  to  the 
shaved  skin  of  rabbits  was  10,000  mg/kg  (USDA 
1984).  Amitrole  is  slightly  irritating  to  rabbits'  eyes 
(Toxicity  Category  III)  (EPA  1984a).  Symptoms  of 
acute  toxicity  in  several  species  include  intestinal 
paralysis,  pulmonary  edema,  and  hemorrhages  in 
various  organs  (Hayes  1982). 


Subchronic  and  Chronic  Toxicity.  Subchronic  stud- 
ies indicate  that  technical  amitrole  in  the  diet  has  an 
antithyroid  effect  in  laboratory  rats.  Enlarged  thy- 
roid glands  and  reduced  uptake  of  iodine  were 
observed  at  the  lowest  effect  level  of  2  ppm  (0.1 
mg/kg/day)  in  a  subchronic  rat  feeding  study.  The 


NOEL  for  this  study  was  0.5  ppm  (0.025  mg/kg/day) 
(EPA  1 985a)  and  is  the  NOEL  used  in  this  risk  assess- 
ment. 

In  another  subchronic  feeding  study,  male  rats 
were  fed  0,  30,  100,  and  300  ppm  for  4  weeks,  fol- 
lowed by  4  weeks  on  the  control  diet.  The  study  was 
designed  to  demonstrate  the  reversibility  of  the  anti- 
thyroid effects  of  amitrole.  At  100  ppm  (5  mg/kg/ 
day),  rats  showed  reduced  levels  of  Triiodothyro- 
nine (T3)  and  Tetraiodothyronine  (T4).  However,  T3 
and  T4  values  returned  to  control  levels  3  weeks  after 
removing  amitrole  from  the  diet.  The  NOEL  for  this 
study  was  30  ppm  (1.5  mg/kg/day)  (EPA  1985a). 
Chronic  studies  include  a  106-day  rat  study  with  a 
NOEL  less  than  50  ppm  (2.5  mg/kg/day)  and  a  life- 
time feeding  study  in  hamsters  with  a  systemic 
NOEL  of  10  ppm  (1.2  mg/kg/day)  (EPA  1984b). 


Reproductive  and  Developmental  Toxicity.  In  a  two- 
generation  reproduction  study,  groups  of  male  and 
female  rats  (Fo)  were  fed  500  ppm  (25  mg/kg/day) 
and  1,000  ppm  (50  mg/kg/day)  amitrole  for  107  to 
110  days  (EPA  1985a).  Two  other  groups  v/ere  fed 
25  (1.25  mg/kg/day)  and  100  ppm  (5  mg/kg/day)  for 
240  to  247  days,  and  their  progeny  (F1)  were  fed  25 
(1.25  mg/kg/day)  and  100  ppm  (5  mg/kg/day)  ami- 
trole for  141  days.  Pups  born  to  parents  fed  500  and 
1 ,000  ppm  amitrole  were  small  and  had  atrophic  thy- 
muses and  spleens  indicative  of  runting;  no  signs  of 
runting  were  observed  in  the  25-  and  100-ppm  pups. 
Hyperplasia  of  the  thyroid  was  observed  in  all  ani- 
mals fed  25  ppm  and  higher. 
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Table  E3-6 
Summary  of  Mutagenicity  and  Carcinogenicity  of  Pesticides 


Herbicide 


Mutagenicity 


Oncogenic  Results  from 
Chronic  Studies 


Amitrole1  Nonmutagenic  63/69  assays  (USDA  1984). 

Does  not  present  potential  for 
heritable  genetic  effects  (EPA  1985a). 

Atrazine  Mutagenic  in  16/34  assays  (USDA  1984). 

Bromacil  Nonmutagenic  in  11/13  assays  (EPA  1987). 


Chlorsulfuron    Nonmutagenic  in  5  assays  (Du  Pont  1982). 
Clopyralid  Nonmutagenic  in  4  assays  (EPA  1988). 


2,4-D  Nonmutagenic  in  32/43  assays 

(Newton  and  Dost  1984;  Turkula 
and  Jalal  1985;  Turkula  and 
Jalal  1987;  Basrur  et  al.  1976). 

Dalapon2  Nonmutagenic  in  3  assays  (CDFA  1986). 

Dicamba  Nonmutagenic  in  6/8  assays  (USDA  1984). 

Diuron  Nonmutagenic  in  8/9  assays  (EPA  1983; 

EPA  1987). 

Glyphosate        Nonmutagenic  in  8  assays  (EPA  1988). 

Hexazinone       Nonmutagenic  in  4/5  test  systems 
(EPA  1986;  USDA  1984). 

Imazapyr  Nonmutagenic  in  5  assays 

(American  Cyanamid  1985,  1986). 

Mefluidide  Nonmutagenic  in  6  assays  (EPA  1988). 

Metsulfuron        Nonmutagenic  in  4/5  assays 
Methyl  (Du  Pont  1984). 

Picloram  Nonmutagenic  in  4/5  assays  (EPA  1988b; 

CDFA  1986). 

Simazine  Mutagenic  in  4/13  studies  (EPA  1987a;  1989; 

CDFA  1986). 

Sulfometuron     Nonmutagenic  in  4  assays  (EPA  1984; 
Methyl  Du  Pont  1986). 

Tebuthiuron       Nonmutagenic  in  5/6  studies  (EPA  1986). 

Triclopyr  Nonmutagenic  in  7/8  bacterial  and 

cytogenetic  assays  (EPA  1986). 


A  probable  human  carcinogen  (EPA  1985a). 


Oncogenic  in  1/3  studies  (EPA  1988b; 
USDA  1984).  A  possible  human  carcinogen. 

Oncogenic  in  1/2  studies;  existing  studies 
adequate  (EPA  1986;  EPA  1985).  A  possible 
human  carcinogen. 

Nononcogenic  in  two  2-year  feeding  studies 
accepted  by  EPA  (1988b). 

Nononcogenic  in  two  2-year  feeding  studies  with 
rats  and  a  2-year  feeding  study  with  mice.  The 
mouse  study  was  rated  supplementary  by  EPA 
(1988). 

Oncogenic  in  1/3  studies  (Hansen  etal.  1971; 
Hazelton  Laboratories  1986). 


Nononcogenic  in  3  studies  (USDA  1984;  CDFA  1986). 

Nononcogenic  in  1  study  accepted  by  EPA  (1988). 

Nononcogenic  in  3  studies  (EPA  1983);  Studies 
not  adequate  according  to  EPA  (1983). 

Equivocal  evidence  of  oncogenicity  in  mice  EPA 
(1986b). 

Nononcogenic  in  2  studies  (USDA  1984). 

Nononcogenic  in  1  study  (Biodynamics  undated). 

Nononcogenic  in  2  studies  (EPA  1988). 
Nononcogenic  in  2  studies  (EPA  1988b). 

Oncogenic  in  1/2  studies  (EPA  1988b). 

Oncogenic  in  1  study  (EPA  1989). 

Nononcogenic  in  2  studies  (Du  Pont  1986). 

Nononcogenic  in  2  studies  (EPA  1986). 

Nononcogenic  in  2/3  studies  (EPA  1986; 
Dow  1987;  40  CFR  Part  180  50(84):  184-85, 
May  1,1985). 


1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 

no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 
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Table  E3-7 
Herbicide  Data  Gaps 


Data  Gaps 

Amitrole1 

Atrazine    Bromacil    Chlorsulfuron 

Clopyralid 

2,4- D 

Dalapon2 

Dicamba 

Acute  Testing 

Acute  oral— rat 

C 

c 

c 

c 

C 

c 

X 

c 

Acute  dermal 

C 

c 

c 

c 

C 

c 

X 

c 

Acute  inhalation— rat 

c 

c 

c 

c 

C 

c 

X 

c 

Eye  irritation— rabbit 

w 

c 

c 

c 

c 

X 

X 

c 

Dermal  irritation— rabbit 

w 

c 

c 

c 

c 

X 

X 

c 

Dermal  sensitization— 

guinea  pig 

w 

c 

c 

c 

c 

c 

X 

c 

Subchronic  testing 

90-day  feeding— rodent 

c 

c 

c 

c 

c 

c 

X 

c 

90-day  feeding— nonrodent 

c 

c 

c 

c 

c 

c 

X 

c 

21-day  dermal 

c 

c 

c 

c 

c 

X 

X 

X 

90-day  dermal 

w 

c 

c 

c 

c 

c 

c 

c 

90-day  inhalation 

w 

c 

c 

c 

c 

c 

c 

c 

90-day  neurotoxicity 

c 

c 

c 

c 

c 

c 

c 

c 

Chronic  testing 

Chronic— dog 

c 

R 

c 

c 

c 

X 

p, 

c 

Chronic— rodent 

c 

c 

c 

c 

c 

c 

R 

c 

Oncogenicity— rat 

c 

p, 

c 

c 

c 

R 

X 

c 

Oncogenicity— mouse 

c 

c 

c 

c 

c 

p 

R 

X 

Teratogenicity— rat 

p 

c 

c 

c 

c 

c 

X 

c 

Teratogenicity— rabbit 

p 

c 

c 

c 

c 

X 

R 

c 

Reproduction— rat 

c 

R 

c 

c 

c 

c 

X 

c 

Mutagenicity 

c 

R 

c 

c 

X 

R 

R 

c 

Metsulfuron 

Data  Gaps 

Diuron 

Glyphosate 

Hexazinone 

Imazapyr 

»     Mefluididea 

Methyl 

Plcloram 

Acute  Testing 

Acute  oral— rat 

c 

C 

P 

c 

C 

c 

c 

Acute  dermal 

c 

C 

P 

c 

c 

C 

c 

Acute  inhalation — rat 

R 

c 

P 

c 

c 

c 

c 

Eye  irritation— rabbit 

c 

c 

c 

c 

c 

c 

c 

Dermal  irritation- 

rabbit 

c 

c 

c 

c 

c 

c 

c 

Dermal  sensitization— 

guinea  pig 

X 

c 

c 

c 

c 

c 

c 

Subchronic  testing 

90-day  feeding— rodent 

c 

c 

c 

c 

c 

c 

c 

90-day  feeding— nonrodent 

X 

c 

c 

c 

c 

c 

c 

21 -day  dermal 

c 

c 

R 

c 

c 

c 

X 

90-day  dermal 

c 

c 

c 

c 

c 

c 

c 

90-day  inhalation 

c 

c 

c 

c 

c 

c 

c 

90-day  neurotoxicity 

c 

c 

c 

c 

c 

c 

c 

Chronic  testing 

Chronic— dog 

c 

c 

X 

X 

c 

c 

R 

Chronic— rodent 

c 

c 

c 

X 

c 

c 

c 

Oncogenicity— rat 

X 

X 

c 

c 

c 

c 

X 

Oncogenicity— mouse 

X 

X 

c 

c 

c 

c 

X 

Teratogenicity— rat 

R 

c 

c 

c 

c 

c 

X 

Teratogenicity— rabbit 

R 

c 

c 

c 

c 

c 

X 

Reproduction— rat 

X 

c 

c 

X 

c 

c 

R 

Mutagenicity 

X 

c 

c 

c 

c 

c 

X 
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Table  E3-7  (Continued) 

Herbicide  Data  Gaps 

Sulfometuron 

Data  Gaps 

Simazine 

Methyl3 

Tebuthiuron 

Triclopyr3 

Acute  Testing 

C 
C 
C 
C 

Acute  oral— rat 

C 

C 

R 

Acute  dermal 

c 

c 

R 

Acute  inhalation— rat 

w 

X 

C 

Eye  irritation— rabbit 

C 

C 

R 

Dermal  irritation- 

rabbit 

C 

c 

R 

c 

Dermal  sensitization— 

rt 

c 

guinea  pig 

C 

X 

R 

Subchronic  testing 

C 

90-day  feeding— rodent 

c 

C 

C 

90-day  feeding— nonrodent 

c 

C 

C 

X 
C 

21 -day  dermal 

C 

X 

C 

90-day  dermal 

c 

w 

C 

C 

90-day  inhalation 

C 

w 

C 

c 

C 

90-day  neurotoxicity 

c 

w 

C 

Chronic  testing 

C 

c 

Chronic— dog 

c 

C 

Chronic— rodent 

c 

C 

C 

C 

Oncogenicity— rat 

c 

C 

C 

C 
C 

Oncogenicity— mouse 

c 

X 

C 

Teratogenicity— rat 

R 

C 

C 

c 

C 

Teratogenicity— rabbit 

X 

c 

R 

Reproduction— rat 

X 

C 

C 

C 

Mutagenicity 

X 

C 

R 

C 

1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined 
that  amitrole  is  no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in 
the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered 
for  proposed  use.  Therefore,  dalapon  is  no  longer  considered  for  use. 


3  No  evaluation  of  EPA  data  base  is  currently  available. 


C  =  Data  requirement  complete. 

P  =  Partial  data  gap. 

R  =  Required  for  EPA  registration  purposes;  however,  data  were  available  for  risk  analysis. 

W  =  Requirement  waived. 

X  =  Data  gap. 


A  rat  teratology  study  reported  in  CDFA  (1986a) 
reported  no  indication  of  teratogenic  effects  in  off- 
spring when  amitrole  was  given  to  pregnant  rats  by 
gavage  on  days  6  through  15  of  gestation  at  dose 
levels  of  0, 100,  500,  and  1,000  mg/kg/day.  A  devel- 
opmental NOEL  of  500  mg/kg/day  was  set  based  on 
decreased  fetal  weight  gain  at  the  high  dose. 

In  a  rabbit  teratology  study  that  CDFA  (1986a) 
reviewed,  does  were  administered  amitrole  by  gav- 
age during  days  6  through  18  of  gestation.  Dose 
levels  were  0,  4,  40,  and  400  mg/kg/day.  Abortions 
and  decreased  weight  gain  of  does  were  observed 
at  40  mg/kg/day.  Increased  incidence  of  structural 


changes  at  40  mg/kg/day  resulted  in  a  developmen- 
tal NOEL  of  4  mg/kg/day. 


Nonthreshold  Toxicity  in  Laboratory 
Animals 


Carcinogenicity  Study  Results.  EPA  (1985a)  has 
classified  amitrole  as  a  probable  human  carcinogen 
(Class  B2).  Therefore,  a  cancer  risk  analysis  for  ami- 
trole was  performed  in  this  risk  assessment.  Chronic 
exposure  to  amitrole  through  dietary  and  inhalation 
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routes  has  resulted  in  the  formation  of  benign  and 
malignant  thyroid  tumors  in  laboratory  animals 
(EPA  1985a). 

The  following  animal  studies  were  reviewed  by 
EPA  (1985a)  in  their  Risk  Assessment  on  Amitrole. 

Rats  given  0,  10,  50,  and  500  ppm  amitrole  in  the 
diet  for  2  years  showed  a  significant  increase  in  thy- 
roid adenomas  (not  classified  as  to  type,  follicular 
or  interstitial)  in  the  50-,  100-,  and  500-ppm  treat- 
ment groups  when  compared  to  concurrent  con- 
trols. There  was  no  reported  increased  incidence  of 
liver  tumors  in  any  treatment  group.  No  thyroid  func- 
tion tests  were  reported.  Survival  was  similar  for  all 
groups  (Hazelton  1959,  as  cited  in  EPA  1985a). 

In  another  study,  rats  given  0, 1, 10,  and  100  ppm 
amitrole  in  the  diet  for  2  years  also  showed  a  signif- 
icant increase  in  thyroid  adenomas  and  carcinomas 
(not  classified  as  to  type,  follicular  or  interstitial)  in 
the  100-ppm  male  and  female  treatment  groups 
when  compared  to  concurrent  controls.  In  addition, 
a  significant  increase  in  pituitary  adenomas  and  car- 
cinomas was  observed  in  the  100-ppm  females.  The 
percentage  accumulation  of  radioiodine  in  the  thy- 
roid and  thyroid  weights  were  increased  in  the 
100-ppm  males  and  females.  No  increase  in  liver 
tumors  was  observed,  and  survivability  was  similar 
for  all  groups  (Bayer  AG  1979,  Steinhoff  1983,  both 
as  cited  in  EPA  1985a). 

In  another  chronic  study,  rats  were  pulse  fed  ami- 
trole in  the  diet  for  2  years  in  the  following  manner: 


Test  Group 

Dosing  Regimen 

A 

Control 

B 

5    ppm    (week    1    through 

39)/100     ppm      (week     40 

through  118) 

C 

1  ppm  (week  1  through  39)/20 

ppm  intermittent1 

D 

3  ppm  (week  1  through  39)/60 

ppm  intermittent1 

E 

10    ppm    (week    1    through 

39)/100  ppm  intermittent1 

1Amitrole  diet  for  1  month  followed  by  control  diet 
for  1  month,  alternating  until  sacrifice. 

A  significant  increase  in  thyroid  tumors,  mainly 
classified  as  follicular-type  tumors,  was  observed  in 
male  groups  B,  D,  E,  and  in  female  groups  B  and  E. 
In  addition,  a  significant  increase  in  pituitary  tumors 
was  observed  in  the  B  and  E  female  groups.  Thyroid 
function  tests  were  performed  (T3  and  T4);  however, 
the  values  were  extremely  variable  and  did  not  corre- 
late with  the  observed  histopathology.  No  increase 
in  liver  tumors  was  observed,  and  survivability  was 
similar  for  all  groups  (Food  and  Drug  Research  Lab 
1981,  as  cited  in  EPA  1985a). 


In  a  chronic  inhalation  study,  rats  were  exposed 
to  an  unverified  amount  of  amitrole  (Food  and  Drug 
Research  Lab  1981,  as  cited  in  EPA  1985a).  The  in- 
cidence of  thyroid  tumors  increased  at  the  unveri- 
fied dose.  Thyroid  function  tests  (T3  and  T4)  were 
highly  variable  and  did  not  permit  analysis. 

Lifetime  feeding  studies  were  conducted  in  ham- 
sters, mice,  and  rats  using  0,  1,  10,  and  100  ppm  of 
amitrole  (Steinhoff  et  al.  1983,  as  cited  in  EPA 
1985a).  The  results  of  these  studies  further  confirm 
the  relationship  of  the  disturbance  of  thyroid  func- 
tion and  tumorformation,  as  well  as  interspecies  vari- 
ation. Rats  showed  the  most  significant  changes,  as 
both  thyroid  and  pituitary  tumors  were  observed  at 
100  ppm.  The  mouse  study  showed  changes  in  thy- 
roid organ  weights  and  percent  iodine  accumulation 
at  100  ppm;  however,  no  increased  incidence  in 
tumor  production  was  observed.  EPA  considers  the 
thyroid  changes  seen  in  mice  to  be  a  less  profound 
indicator  of  thyroid  disruption.  In  the  hamster  study, 
neither  thyroid  function  changes  nor  tumors  were 
observed,  thereby  indicating  that  the  hamster  was 
the  least  sensitive  species  (Steinhoff  et  al.  1983,  as 
cited  in  EPA  1985a). 

Two  additional  studies  that  EPA  (1985a)  reviewed 
were  reported  to  have  serious  experimental  design 
or  reporting  flaws,  but  they  did  indicate  amitrole's 
oncogenic  potential  in  two  animal  species.  Thyroid 
tumors  were  reported  in  mice  given  2,192  ppm  ami- 
trole for  18  months  after  the  mice  were  weaned 
(Innes  1969,  as  cited  in  EPA  1985a).  Benign  and 
malignant  thyroid  and  liver  tumors  were  also  found 
in  rats  given  20  and  25  mg/kg/day  amitrole  in 
drinking  water  or  250  and  500  mg/kg/day  amitrole 
in  the  diet  for  10  to  32  months  (Napalkov  1969,  as 
cited  in  EPA  1985a). 

In  a  study  conducted  by  Tsuda  et  al.  (1976)  female 
rats  were  given  2,500  ppm  amitrole  in  their  drinking 
water  for  30  weeks.  Weakened  peroxidase  activity  in 
follicular  cells  was  followed  by  the  development  of 
goiter.  Goitertissue  often  proliferated  to  show  malig- 
nant adenoma  breaking  through  the  capsule,  infil- 
trating into  surrounding  tissues,  and  invading  blood 
vessels.  An  atypical  nodular  type  adenoma  was  also 
noted. 

As  indicated  from  this  rather  extensive  body  of 
data,  amitrole  has  consistently  demonstrated  an 
oncogenic  potential  in  feeding  studies  using  rats, 
with  the  thyroid  and  pituitary  as  the  primary  target 
organs  at  doses  as  low  as  0.05  ppm  (Food  and  Drug 
Research  Lab  1981,  as  cited  in  EPA  1985a).  The  on- 
cogenic potential  in  mice  is  not  as  clearly  demon- 
strated, as  liver  and  thyroid  tumors  occurred  only 
after  feeding  amitrole  at  doses  in  excess  of  2,000 
ppm  (Innes  1969,  as  cited  in  EPA  1985a).  In  a  com- 
parative species  study,  doses  of  100  ppm  amitrole 
in  the  diet  for  2  years  produced  an  increased  inci- 
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dence  of  thyroid  tumors  in  rats  only,  not  in  mice  or 
hamsters  (Steinhoff  1983,  as  cited  in  EPA  1985a). 


Cancer  Potency.  Amitrole's  cancer  potency  was  esti- 
mated by  calculating  cancer  potencies  using  tumor 
data  from  the  study  by  Tsuda  et  al.  (1976)  in  which 
rats  were  given  2,500  ppm  in  their  drinking  water  and 
the  study  by  Food  and  Drug  Research  Lab  (1981,  as 
cited  in  EPA  1985a)  in  which  rats  were  alternately 
fed  food  with  and  without  amitrole.  The  higher  cal- 
culated potency  was  then  used  in  the  calculation  of 
cancer  risk. 

The  data  of  Tsuda  et  al.  (1976)  gave  a  potency  of 
0.011  per  mg/kg/day  for  all  invasive  thyroid  lesions 
and  0.00098  per  mg/kg/day  for  papillary  adenoma. 
The  Food  and  Drug  Research  Lab  study  indicated 
a  cancer  potency  for  thyroid  tumors  of  0.61  consid- 
ering only  the  intermittently  dosed  groups  per  mg/ 
kg/day.  The  95-percent  upper  confidence  limit  for 
the  potency  of  0.61  per  mg/kg/day,  based  on  the 
Food  and  Drug  Research  Lab  data,  is  1 .4  per  mg/kg/ 
day  and  is  used  in  this  risk  assessment. 


Mutagenicity.  Amitrole  did  not  produce  mutagenic 
effects  in  several  bacterial  assays,  assays  with 
insects,  mammalian  in  vivo  assays,  and  mammalian 
sister  chromatid  exchange  assays  (USDA  1984)  and 
is  not  viewed  as  genotoxic.  Positive  results  were 
observed  in  two  tests  in  an  invalidated  forward  muta- 
tion system  with  bacteria  (USDA  1984).  The  chem- 
ical also  induced  in  vitro  cell  transformations  in  four 
mammalian  cell  assays  (EPA  1985a).  Cell  transfor- 
mation assays  are  capable  of  detecting  some  classes 
of  nongenotoxic  carcinogens.  EPA  (1985a)  con- 
cluded and  this  risk  assessment  concurs  that  the  ex- 
tensive genotoxic  data  base  indicates  that  amitrole 
is  not  mutagenic  (that  is,  it  does  not  cause  heritable 
genetic  damage)  but  that  amitrole  does  have  onco- 
genic potential  (possibly  epigenetic)  as  demon- 
strated in  the  positive  in  vivo  cell  transformation  stud- 
ies. 

The  mutagenic  potential  of  amitrole  is  summa- 
rized in  EPA  (1985a)  as  follows: 

Amitrole  has  been  evaluated  in  a  variety  of 
mutagenicity  test  systems.  Although  posi- 
tive results  were  reported  by  Braun  et  al. 
(1977b)  (using  added  nitrite)  in  Salmonella 
and  by  Venitt  and  Crofton-Sleigh  (1981)  in 
Salmonella  and  E.  coli,  49  other  Salmonella 
gene  mutation  tests  and  9  other  E.  coli  tests 
were  negative.  The  validity  of  the  two  pos- 
itive studies  is  questionable.  The  weakly 
positive  results  by  Carere  et  al.  (1976, 1978, 
and  1981)  were  in  an  invalidated  system 
using  unusual  bacteria.  The  mechanisms 
for  these  positive  results  reported  for  the 


DNA  repair  assays  cannot  be  determined 
without  positive  gene  mutation  or  chromo- 
some aberration  assays.  The  negative 
results  in  the  sister  chromatid  exchange 
assay  in  mammalian  cells  in  culture  (which 
is  a  very  sensitive  assay)  and  the  chromo- 
some aberration  assays  in  cultured  human 
lymphocytes  or  in  vivo  mouse  bone  marrow 
cells  cast  doubt  on  the  significance  of  the 
DNA  repair  assays.  Amitrole  does  not  pre- 
sent a  potential  for  heritable  genetic  effects. 

Amitrole  is  able  to  induce  transformation  of 
cultured  cells.  It  was  positive  in  four  in  vitro 
transformation  studies  using  rat  and  ham- 
ster cells  (Pienta  1977,  Inoue  1981,  Dunkel 
1981,  Styles  1981)  following  treatment  of 
0.1  to  100  ug/mL.  This  test  is  used  to  estab- 
lish the  malignant  activities  of  test  com- 
pounds on  mammalian  cells  in  vitro.  Cells 
treated  in  vitro  with  chemical  carcinogens 
give  rise  to  foci  of  cellular  growth  superim- 
posed on  the  cell  monolayer.  If  these  foci 
are  picked  from  the  cultures,  grown  to 
larger  numbers,  and  injected  into  animals, 
a  malignant  tumor  will  be  obtained,  in  most 
cases.  Therefore,  the  appearance  of 
piled-up  colonies  in  treated  cell  cultures  is 
correlated  with  malignant  transformation. 
In  addition,  weak  cellular  transformation 
capacity  was  observed  in  EUE  cells  (no  data 
presented,  only  summary)  (Benigni  1980). 

These  transformation  assays  are  not  able  to 
determine  a  mechanism  for  tumor  forma- 
tion and  do  not  necessarily  show  that  a 
transformation  inducer  is  genotoxic.  These 
results  support  oncogenicity  potential  but 
not  necessarily  mutagenicity  potential. 


Data  Gaps 

According  to  the  amitrole  registration  standard 
(EPA  1985b),  EPA  has  identified  primary  skin  irrita- 
tion and  dermal  sensitization  studies  as  amitrole  tox- 
icity data  gaps.  EPA  considers  90-day  dermal,  pri- 
mary eye  irritation,  90-day  inhalation,  and 
teratogenicity  study  requirements  to  be  only  par- 
tially satisfied  with  the  current  studies.  No  acute 
delayed  neurotoxicity  study  exists  on  amitrole;  how- 
ever, EPA  indicates  that  this  study  is  not  required 
because  amitrole  "is  not  structurally  related  to  a 
known  neurotoxin  nor  does  it  inhibit  cholinesterase" 
(EPA  1985b). 

Amitrole  did  show  transitory  skin  irritation  in  the 
acute  dermal  toxicity  study  on  rabbits  (EPA  1984b). 
It  is  assumed  in  this  risk  assessment  that  amitrole 
may  cause  skin  irritation  and  dermal  sensitization  in 
exposed  humans  not  wearing  protective  clothing. 
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The  amitrole  NOEL  for  teratogenicity  (4  mg/kg/ 
day)  is  based  on  the  rabbit  teratology  study  reviewed 
in  CDFA  (1986a). 


Atrazine 


Toxic  Effects  Seen  in  Humans 

EPA  (1989)  established  the  human  reference  dose 
for  chronic  oral  intake  at  0.005  mg/kg/day.  Schlich- 
ter  and  Beat  (1972,  as  cited  in  EPA  1987)  reported 
a  case  of  severe  contact  dermatitis  in  a  40-year-old 
farm  worker  exposed  to  an  atrazine  formulation.  The 
clinical  signs  were  red,  swollen,  and  blistered  hands 
with  hemorrhagic  bullae  between  the  fingers. 

Yoderetal.  (1973,  as  cited  in  EPA  1987)  examined 
chromosomes  in  lymphocyte  cultures  taken  from 
agricultural  workers  exposed  to  herbicides,  in- 
cluding atrazine.  The  workers  showed  more  chrom- 
osomal aberrations  during  mid-season  exposure  to 
herbicides  than  during  the  off-season  (no  spraying). 
These  aberrations  included  a  fourfold  increase  in 
chromatid  gaps  and  a  25-fold  increase  in  chromatid 
breaks.  During  the  off-season,  the  mean  number  of 
gaps  and  breaks  was  lower  in  this  group  than  in  con- 
trols who  were  in  occupations  unlikely  to  involve  her- 
bicide exposure.  This  observation  led  the  authors  to 
speculate  that  there  is  enhanced  chromosomal 
repairduring  this  period  of  time,  resulting  in  compen- 
satory protection.  However,  these  data  may  not  be 
representative  of  the  effect  of  atrazine,  because  the 
exposed  workers  were  also  exposed  to  other  herbi- 
cides. 


Threshold  Toxicity  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Atrazine  has  a  low 
acute  toxicity  based  on  the  lowest  rat  oral  LD50  of 
672  mg/kg  (Gaines  and  Linder  1986,  as  cited  in  EPA 
1987).  EPA  (1983)  classified  atrazine  as  slightly  toxic 
for  acute  oral  exposure.  Acute  toxicity  symptoms  in 
rats  include  reduced  respiratory  rate,  motor  incoor- 
dination, muscle  spasms,  and  hypothermia  (Hayes 
1982).  Dermal  exposure  to  rats  did  not  produce  tox- 
icity, and  a  dermal  LD50  of  greater  than  2,000  mg/kg 
was  established  (EPA  1983).  The  dermal  LDsoin  rab- 
bits was  7,550  mg/kg  (EPA  1983).  Rabbits  exposed 
to  technical  atrazine  failed  to  show  dermal  irritation 
after  24  hours  (EPA  1983).  The  dermal  toxicity  stud- 
ies are  sufficient  to  classify  the  chemical  as  slightly 
toxic  for  dermal  effects.  An  aqueous  suspension  of 
technical  atrazine  has  been  tested  for  eye  irritation 
properties  in  white  rabbits.  Corneal  opacity  of  min- 
imal severity  was  present  at  1  hour  through  72  hours 
after  exposure.  Complete  reversibility  occurred  be- 
fore 7  days.  The  study  is  adequate  to  place  the  chem- 
ical as  moderately  toxic  for  eye  irritation  (EPA  1983). 


Acute  exposure  (1  hour)  of  rats  to  atrazine  by  inha- 
lation revealed  that  the  LC50  was  greater  than  a  nom- 
inal value  of  167  mg/L  (EPA  1983).  The  data  indicate 
that  atrazine  does  not  possess  a  high  toxicity  by  way 
of  inhalation.  When  considered  with  the  oral  LD50, 
EPA  concludes  that  the  data  are  sufficient  to  classify 
the  chemical  as  very  slightly  toxic  for  inhalation 
(EPA  1983). 

I n  a  su bacute  study  with  rats,  test  animals  received 
100,  200,  400,  or  600  mg/kg  atrazine  for  14  days. 
Renal  effects  observed  included  increased  elimina- 
tion of  sodium,  potassium,  and  chloride,  decreased 
levels  of  creatinine  clearance,  increased  urine  pro- 
tein levels,  and  increased  lactate  dehydrogenase  ac- 
tivity. These  results  suggest  that  the  nephrotoxic 
properties  of  atrazine  may  affect  not  only  its  excre- 
tion but  also  increase  its  toxicity  in  the  kidney  (Santa 
Maria  et  al.  1986). 


Subchronic  and  Chronic  Toxicity.  In  a  2-year  feed- 
ing study  in  which  beagles  were  fed  up  to  1 ,500  ppm 
(37.5  mg/kg/day)  of  the  80W  formulation,  body 
weights  were  lowered  at  the  HDT  but  not  at  the  mid- 
dose  level.  Reduced  food  intake,  increased  adrenal 
weights,  occasional  tremors  and  stiffness  in  the 
limbs,  and  reduced  hematocrit  values  were  also 
noted  at  the  high  dose.  Liver  and  heart  weights  were 
increased,  and  food  intake  was  reduced  in  the  mid- 
dose  females.  The  systemic  NOEL  for  this  study  was 
reported  as  less  than  15  ppm  (0.38  mg/kg/day)  (EPA 
1988)  and  is  the  systemic  NOEL  used  in  this  risk  as- 
sessment. 

A  2-year  feeding  study  with  rats  resulted  in  a  sys- 
temic NOEL  of  70  ppm  (3.5  mg/kg/day),  based  on 
reduced  weight  gains,  irritability  in  males,  and  pale 
appearance  and  probable  anemia  in  females  at  the 
next  higher  dose  (CDFA  1986b).  A  22-month  chronic 
feeding/oncogenicity  study  in  mice  resulted  in  a  sys- 
temic NOEL  of  300  ppm  (36  mg/kg/day)  with 
decreased  male  and  female  body  weights  and 
increased  cardiac  thrombi  (blood  clots)  at  the  lowest 
effect  level  of  1,500  ppm  (180  mg/kg/day)  (EPA 
1988). 


Reproductive  and  Developmental  Toxicity.  In  a  rat 

teratology  study,  atrazine  was  given  at  dose  levels 
of  0,  10,  70,  and  700  mg/kg/day  during  days  6  to  15 
of  gestation  (Ciba-Geigy  1984a,  as  cited  in  EPA 
1987).  Excessive  maternal  mortality  was  observed  at 
700  mg/kg/day,  but  none  occurred  at  lower  doses. 
Reduced  weight  gain  and  food  consumption  were 
noted  at  70  and  700  mg/kg/day.  Fetal  weights  were 
severely  reduced  at  700  mg/kg/day;  delays  in 
skeletal  development  occurred  at  70  mg/kg/day;  and 
dose-related  runting  was  noted  at  10  mg/kg/day  and 
above.  The  maternal  NOEL  was  10  mg/kg/day,  and 
the  fetotoxic  NOEL  was  less  than  10  mg/kg/day 
(LDT). 


E3-27 


SECTION  E3  -  HUMAN  HEALTH  HAZARD  ANALYSIS 


In  a  second  teratology  study  with  rats,  treatment 
at  100, 500,  and  1,000  mg/kg  on  days  6  to  15  of  ges- 
tation caused  an  increase  in  embryonic  and  fetal 
deaths  at  500  mg/kg.  The  two  higher  doses  also 
decreased  the  mean  weights  of  fetuses  and  retarded 
skeletal  development.  A  NOEL  for  maternal  toxicity 
and  fetotoxicity  (embryonic  resorption)  was 
reported  as  1 00  mg/kg.  Teratogenic  effects  were  not 
observed  at  any  dosage  up  to  and  including  1,000 
mg/kg  (HDT)  (Ciba-Geigy  1971,  as  cited  in  EPA 
1987). 

In  a  rabbit  teratology  study  reported  by  Ciba- 
Geigy,  dose  levels  of  0,  1,  5,  or  75  mg/kg/day  were 
given  by  gavage  during  gestation  days  7  through  19. 
Decreased  body  weight  gain  and  food  consumption 
occurred  in  does  in  the  mid-  and  high-dose  groups. 
At  75  mg/kg/day,  increased  resorption  rate,  reduced 
fetal  weights,  and  delays  in  ossification  were 
observed.  No  teratogenic  effects  were  indicated. 
TheNOELwas  established  as  1  mg/kg/day  for :  mater- 
nal toxicity  in  this  study  (Ciba-Geigy  1984a,  as  cited 
in  EPA  1988). 

A  two-generation  reproduction  study  in  rats 
resulted  in  a  NOEL  of  10  ppm  (0.5  mg/kg/day), 
based  on  decreased  pup  weights  at  the  lowest  effect 
level  of  50  ppm  (2.5  mg/kg/day)  (EPA  1988).  This  is 
the  reproductive  NOEL  used  in  this  risk  assessment. 
A  three-generation  reproduction  study  in  rats  did 
not  result  in  any  adverse  effects  at  the  highest  dose 
tested  of  100  ppm  (5  mg/kg/day)  (EPA  1988). 


Nonthreshold  Toxicity  in  Laboratory 
Animals 

Carcinogenicity  Study  Results.  Available  data  sug- 
gest that  atrazine  may  be  carcinogenic;  therefore,  a 
cancer  risk  analysis  was  done  for  atrazine  in  this  risk 
assessment.  In  a  2-year  feeding/oncogenicity  study, 
rats  were  fed  technical  atrazine  at  doses  of  0, 10, 70, 
500,  and  1,000  ppm  in  the  diet  (EPA  1988).  Dose- 
related  increases  in  adenocarcinomas  and  fibroade- 
nomas were  observed  in  female  mammary  glands. 
Results  were  statistically  significant  at  70  ppm  (3.5 
mg/kg/day)  and  above  for  carcinomas  and  at  1,000 
ppm  (50  mg/kg/day)  and  above  for  adenomas  and 
fibroadenomas.  No  oncogenic  effects  were 
observed  in  males.  A  22-month  chronic  feeding/ 
oncogenicity  study  revealed  no  oncogenic  findings 
in  mice  (EPA  1988). 

An  18-month  mouse  feeding  study  showed  no 
tumor  induction  when  mice  were  given  21.5  mg/kg 
by  gavage  from  days  7  to  28  of  age,  then  given  82 
ppm  (1 2.3  mg/kg/day)  forthe  remainder  of  theexper- 
iment  (Innes  et'al.  1969,  as  cited  in  USDA  1984). 


Cancer  Potency.  Based  on  the  information  available, 
EPA  (1989)  has  classified  atrazine  as  a  possible 
human  carcinogen  (Group  C).  Atrazine  cancer  po- 
tency for  this  risk  assessment  was  calculated  based 
on  the  rate  of  mammary  tumor  formation  in  female 
rats  in  the  2-year  chronic  feeding  oncogenicity 
study  reported  by  CDFA  (1986b).  The  cancer 
potency  in  rats,  estimated  using  the  one-hit  cancer 
model,  is  0.03  per  (mg/kg/day)  (USDA  1986).  The 
cancer  potency  adjusted  for  humans  is  0.22  per 
(mg/kg/day)  (EPA  1986). 

Mutagenicity.  Atrazine  did  not  induce  mutations  in 
EPA-validated  microbial  assay  systems,  which 
included  a  recombination  and  conversion  assay  in 
strains  of  B.  Subtilis,  E.  coli,  and  S.  typhimurium;  an 
Ames  assay  with  and  without  metabolic  activation 
in  four  strains  of  bacteria;  and  a  DNA  repair  assay 
using  rat  hepatocyte  (EPA  1988). 

Atrazine  was  reported  to  induce  sex-linked  reces- 
sive lethal  mutations  in  the  fruit  fly  (Drosophila 
melanogaster)  in  one  of  two  studies  (USDA  1984). 

In  vivo  studies  measuring  chromosome  aberra- 
tions in  rodent  bone  marrow  and  dominant  lethal 
mutations  in  mice  were  reported  positive  at  dose  lev- 
els of  2,000  and  1,500  mg/kg,  respectively  (USDA 
1984). 

As  discussed  earlier,  Yoder  et  al.  (1973,  as  cited 
in  EPA  1987)  showed  that  there  were  more  chrom- 
osomal aberrations  in  lymphocyte  cultures  taken 
from  agricultural  workers  during  mid-season  expo- 
sure to  herbicides,  including  atrazine,  than  during 
the  off-season  (no  spraying). 

Atrazine  was  positive  for  mutagenicity  in  eight 
gene  mutation  studies  and  negative  in  nine  others. 
Three  of  these  positive  responses  were  in  tests  with 
the  fruit  fly  that  measured  gene  mutations  in  germ 
cells.  Positive  results  were  also  obtained  in  tests  with 
mice  that  measured  chromosome  alterations  in 
germ  cells.  Positive  responses  in  these  types  of 
assays  indicate  a  potential  for  mutagenic  hazard. 
Chromosome  aberrations  in  bone  marrow  cells  in 
vivo  support  this  conclusion.  However,  these  in  vivo 
responses  were  observed  only  at  very  high  levels  of 
atrazine  equal  to  or  exceeding  1,500  mg/kg  (USDA 
1984). 

Atrazine  is  not  genotoxic  in  bacteria  or  yeast 
directly  or  with  the  typical  rodent  S9  activation. 
Yeast  tests  for  mitotic  crossing  over  and  mutation 
do  show  positive  responses  but  only  when  tested 
with  atrazine  incubated  with  plant  cell  extracts.  Bac- 
teriophage T4  mutation  and  a  B.  subtilis  test  for 
repairable  DNA  damage  were  negative  with  atrazine 
alone.  A  Streptomyces  coelicolor  mutation  assay 
was  positive,  but  this  assay  appears  to  have  little  reli- 
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ability  to  discriminate  true  positives  and  false  posi- 
tives (USDA  1984). 

In  vitro  tests  with  mammalian  cells  also  fail  to 
respond  to  atrazine  directly  or  with  mammalian 
metabolism  (aberrations  and  sister  chromatid  ex- 
change tests  in  hamster  cells  were  negative),  but 
when  hamster  V79  cells  were  exposed  to  atrazine  in 
the  presence  of  plant  cell  extracts,  the  chemical  was 
reported  to  be  mutagenic.  Positive  unscheduled 
DNA  synthesis  (UDS)  effects  in  EUE  cells  were  also 
reported  with  atrazine  plus  plant  cell  extracts  (USDA 
1984). 

Atrazine  was  reported  to  be  genotoxic  directly  in 
plants  (mutations  at  the  waxy  locus  in  corn  and  chro- 
mosome aberrations  in  plant  cells)  and  in  the  mold 
Aspergillus  nidulans  (crossing  over).  Mutation  stud- 
ies in  Aspergillus  were  conducted  with  plant  cell 
extracts.  In  the  presence  of  plant  cell  extracts,  a 
mutation  to  8  azaguanine  resistance  was  reported 
for  Aspergillus  (USDA  1984). 

Atrazine  represents  an  unusual  situation  because 
many  of  the  positive  genotoxicity  studies  were  con- 
ducted using  a  metabolic  activation  system  of  plant 
origin.  Atrazine  alone  or  when  tested  in  vitro  in  tests 
using  animal  metabolic  systems  resulted  in  variable 
responses.  Because  plant  metabolism  is  not  gener- 
ally considered  important  in  developing  a  human 
hazard  assessment,  the  relevance  of  the  "plant- 
activated"  tests  in  a  risk  analysis  is  doubtful. 

Although  all  EPA-validated  mutagenicity  assays 
are  negative,  many  studies  in  the  open  literature  indi- 
cate a  possible  human  germ  cell  mutagen.  For  the 
purpose  of  this  analysis,  it  is  conservatively  assumed 
that  atrazine  is  a  possible  human  germ  cell  mutagen 
at  high  levels  of  exposure.  The  degree  of  hazard  to 
humans  from  low  levels  of  exposure  is  likely  to  be 
minimal. 


N-Nitrosoatrazine 

N-nitroso  derivatives  of  some  herbicides  are  car- 
cinogenic and  mutagenic  (Young  and  Khan  1978, 
Braun  et  al.  1977b).  Little  information  is  available  on 
the  formation  of  these  compounds  under  normal 
conditions  of  herbicideapplication  or  on  their  metab- 
olism in  soil  and  water  (Greenhalgh  1978).  Concerns 
have  been  raised  over  the  potential  for  the  nitrosa- 
tion  of  atrazine  to  N-nitrosoatrazine  (NNA)  under 
field  cond  itions  and  the  potential  toxicity  of  this  com- 
pound. No  information  is  available  on  the  toxicity, 
mutagenicity,  or  carcinogenicity  of  N-nitrosoa- 
trazine. 

Kearney  etal.  (1977)  have  examined  the  formation 
and  degradation  of  NNA  in  soils  and  aquatic  environ- 
ments. Their  results  indicate  that  the  formation  of 
NNA  is  highly  unlikely  under  normal  application 


rates  of  atrazine  (2  ppm)  in  agricultural  soils  of  pH 
5  to  7.  Kearney  et  al.  used  elevated  levels  of  nitrogen 
fertilizer  (approximately  100  ppm),  and  these  rates 
are  much  higher  than  those  used  in  forestry.  In  an 
examination  of  its  persistence,  most  of  the  NNA 
added  to  soil  was  converted  relatively  quickly  to  atra- 
zine by  denitrosation. 

The  degradation  of  NNA  in  aquatic  environments 
is  very  rapid  primarily  because  of  photolysis.  How- 
ever, the  formation  of  NNA  in  ground  water  contam- 
inated with  atrazine  is  unknown  (Wolfe  et  al.  1976). 


Data  Gaps 

EPA  will  soon  issue  a  data  call-in  letter  identifying 
a  number  of  data  gaps,  among  them  mutagenicity 
assays. 


Toxic  Effects  Seen  in  Humans 

The  human  reference  dose  for  chronic  oral  intake 
of  bromacil  was  established  by  EPA  at  0.13  mg/kg/ 
day,  based  on  2-year  feeding  studies  in  rats  with 
NOEL  of  1 2.5  mg/kg/day  (EPA  1 989).  A  safety  factor 
of  100  was  applied  for  inter-and  intraspecies  varia- 
tion. 


Threshold  Toxicity  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  the  lowest 
acute  oral  LD50  of  3,998  mg/kg  in  rats,  bromacil  can 
be  classified  as  slightly  toxic.  The  acute  dermal  LD50 
for  rabbits  is  2,000  mg/kg,  and  the  acute  inhalation 
LC50  in  rats  is  greater  than  57.6  mg/L.  Bromacil  is 
a  mild  eye  irritant  and  is  very  slightly  irritating  to  rab- 
bits' skin  (EPA  1986). 


Subchronic  and  Chronic  Toxicity.  In  a  90-day  feed- 
ing study  using  an  80-percent  wettable  powder  for- 
mulation, rats  were  given  bromacil  doses  of  0,  50, 
500,  or  2,500  ppm.  The  high  dose  was  raised  to  5,000 
ppm  the  sixth  week.  At  5,000  ppm,  lower  growth 
rates,  decreased  erythrocyte  count,  increased  thy- 
roid activity,  and  enlargement  of  centrolobular  cells 
of  the  liver  were  observed.  The  NOEL  for  this  study 
was  500  ppm  (25  mg/kg/day).  In  a  2-week  feeding 
study,  rats  exhibited  gastrointestinal  disturbance 
and  central  nervous  system  (CNS)  incoordination 
after  receiving  10  doses  of  1,035  mg/kg  each  (EPA 
1986). 
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In  a  2-year  dog  feeding  study,  beagles  were  given 
0, 50, 250,  or  1 ,250  ppm  bromacil  (82  to  83.4  percent) 
in  the  diet.  At  1,250  ppm,  some  decline  in  body 
weights  was  observed.  The  NOEL  was  250  ppm  (6.25 
mg/kg/day)  (EPA  1986,  CDFA  1986c). 

In  a  2-year  rat  feeding/oncogenicity  study,  dose 
levels  were  0,  50,  250,  and  1,250  ppm.  Weight  retar- 
dation was  observed  at  the  1,250  ppm  level.  Thus, 
the  NOEL  for  this  study  is  250  ppm  (12.5  mg/kg/day) 
(EPA  1986). 

In  a  2-year  mouse  feeding/oncogenicity  study, 
mice  were  given  0,  250,  1,250,  or  5,000  ppm.  At  the 
lowest  dose,  testicular  abnormalities  in  the  form  of 
focal  atrophy  of  seminiferous  tubules  were 
observed.  In  addition,  carcinomas  and  hepatocellu- 
lar adenomas  were  observed  in  males  at  all  dosage 
levels  (EPA  1988). 


Reproductive  and  Developmental  Toxicity.  In  rat 

and  rabbit  teratology  studies,  no  teratogenic,  feto- 
toxic,  or  maternal  toxic  effects  were  observed  at  the 
highest  dose  tested  (165  mg/m3  converted  to  7.92 
mg/kg  in  a  rat  inhalation  study,  and  250  ppm  con- 
verted to  7.5  mg/kg  in  a  rabbit  dietary  study).  No 
reproductive  effects  were  observed  in  a  three- 
generation  rat  reproduction  study  at  250  ppm  (12.5 
mg/kg/day)— the  only  dose  tested  (EPA  1986). 


Nortthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity.  Based  on  positive  results  in  a 
mouse  oncogenicity  study,  a  cancer  risk  analysis 
was  done  for  bromacil  in  this  risk  assessment.  In  a 
2-year  feeding/oncogenicity  study  in  rats,  no  onco- 
genic effects  were  observed  at  dietary  levels  of  up 
to  1,250  ppm  (HDT)  (EPA  1986).  The  2-year  mouse 
feeding/oncogenicity  study,  discussed  previously, 
showed  an  increased  incidence  of  hepatocellular 
adenomas  and  carcinomas  at  the  5,000  ppm  (750  mg/ 
kg/day)  dose  level  (EPA  1988a).  Bromacil  is  classi- 
fied as  a  possible  human  carcinogen  (Group  C) 
based  on  the  available  data  (EPA  1987). 


Cancer  Potency.  Bromacil  cancer  potency  for  this 
risk  assessment  was  based  on  the  rate  of  liver  tumor 
formation  in  male  mice  in  the  2-year  feeding  study. 
The  estimated  cancer  potency  is  0.0038  per  (mg/kg/ 
day)  (EPA  1985). 


ouracil  occurs  in  vivo.  Metabolic  fate  studies  indi- 
cate that  5-bromouracil  was  not  isolated  from  the 
urine  and  feces  of  rats  exposed  to  bromacil  or  from 
the  urine  of  bromacil  production  plant  workers 
(DOE  1983). 

Bromacil  showed  negative  results  in  microbial 
assays  for  gene  mutation,  a  mammalian  in  vivo 
assay,  a  mouse  dominant  lethal  assay,  and  mamma- 
lian and  microbial  assays  for  DNA  damage  (EPA 
1987).  In  one  Ames  assay,  bromacil  did  induce 
reverse  mutation  (EPA  1987).  Bromacil  caused 
weakly  positive  results  in  one  Drosophila  recessive 
lethal  assay  and  negative  results  in  another  (EPA 
1987).  Thus,  the  weight  of  evidence  reviewed  for  this 
risk  assessment  indicates  that  bromacil  presents  a 
low  risk  of  mutagenicity. 


Data  Gaps 

According  to  EPA  (1989),  there  are  no  existing 
data  gaps  for  bromacil. 


Chlorsulfuron 


Toxic  Effects  Seen  in  Humans 

EPA  established  a  reference  dose  (RfD)  of  0.05 
mg/kg/day  for  chronic  oral  exposure  for  chlorsul- 
furon based  on  a  2-year  oral  toxicity  study  in  rats 
with  a  NOEL  of  5  mg/kg/day  (EPA  1989).  An  uncer- 
tainty factor  of  1 00  was  applied  to  the  NOEL  to  derive 
the  RfD. 


Threshold  Toxicity  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  acute  oral 
LD50  values  of  5,545  mg/kg  and  6,293  mg/kg  for  male 
and  female  rats,  respectively  (Du  Pont  1982),  chlor- 
sulfuron is  classified  as  very  slightly  toxic.  The  acute 
dermal  LD50  for  rabbits  was  found  to  be  greater  than 
3,400  mg/kg  (Du  Pont  1982),  and  the  primary  dermal 
irritation  study  in  rabbits  showed  that  chlorsulfuron 
was  not  a  primary  irritant  (EPA  1988b).  The  acute 
inhalation  LC50  for  rats  was  found  to  be  greater  than 
5.9  mg/L/4  hours  (EPA  1988b).  In  a  primary  eye  irri- 
tation study  in  rabbits,  instillation  of  10  mg  of  chlor- 
sulfuron into  eyes  of  rabbits  induced  very  mild  tem- 
porary conjunctival  irritation  (Du  Pont  1982). 


Mutagenicity.  Because  of  the  potent  mutagenicity  of 
5-bromouracil,  which  is  a  structurally  related  chem- 
ical, the  metabolic  fate  of  bromacil  has  been  exam- 
ined to  determine  whether  the  formation  of  5-brom- 


Subchronic  and  Chronic  Toxicity.  Subchronic  oral 
toxicity  tests  with  chlorsulfuron  were  carried  out  in 
rats,  mice,  and  dogs.  A  90-day  feeding  study  in  rats 
established  a  systemic  NOEL  of  100  ppm  (5  mg/kg/ 
day)  for  chlorsulfuron  based  on  slight  decrease  in 
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plasma  creatinine  and  slight  increase  in  hematocrit 
in  the  500-ppm  group  (EPA  1 988b).  A  90-day  feeding 
study  in  mice  established  a  systemic  NOEL  of  2,500 
ppm  (365  mg/kg/day)  for  chlorsulfuron  based  on 
decreases  in  erythrocyte  counts  and  relative  liver 
weights  and  increases  in  corpuscular  volume  and 
mean  corpuscular  hemoglobin  in  the  5,000-ppm 
group  (EPA  1988b). 

A  180-day  feeding  study  in  dogs  established  a 
NOEL  of  greater  than  2,500  ppm  (62.5  mg/kg/day), 
the  highest  dose  tested  for  chlorsulfuron  (EPA 
1988b). 

Chronic  oral  toxicity  tests  with  chlorsulfuron  were 
carried  out  in  rats  and  mice.  Groups  of  rats  were  fed 
0,  100,  500,  or  2,500  ppm  chlorsulfuron  in  the  diet 
for  2  years  (EPA  1988b).  Rats  in  the  500-ppm  group 
showed  reduced  body  weight  gains.  Based  on  the 
adverse  effect  in  these  rats,  EPA  established  a  sys- 
temic NOEL  of  100  ppm  (5  mg/kg/day)  for  chlorsul- 
furon (EPA  1988b).  In  a  2-year  feeding  study,  groups 
of  mice  were  fed  0, 100,  500  or  5,000  ppm  chlorsul- 
furon in  the  diet  (EPA  1988b).  The  mice  in  the 
5,000-ppm  group  showed  reduced  body  weight 
gains  and  food  consumption.  Based  on  the  adverse 
effects  in  these  mice,  EPA  established  a  systemic 
NOEL  of  500  ppm  (75  mg/kg/day)  for  chlorsulfuron 
(EPA  1988b). 


Reproductive  and  Developmental  Toxicity.   In  a 

three-generation  reproduction  study,  groups  of  rats 
were  fed  0, 100,  500,  or  2,500-ppm  chlorsulfuron  for 
103  days  before  the  reproduction  study  began.  This 
study  resulted  in  a  maternal  NOEL  of  500  ppm  (25 
mg/kg/day),  based  on  reduction  in  mean  body 
weight  gains  in  the  2,500-ppm  group.  A  reproductive 
NOEL  of  500  ppm  (25  mg/kg/day)  was  established, 
based  on  reduction  in  fertility  indices  at  2,500  ppm 
(125  mg/kg/day)  (EPA  1988b). 

Teratogenicity  tests  with  chlorsulfuron  were  car- 
ried out  in  rats  and  rabbits.  A  rat  teratogenicity  study 
established  a  teratogenic,  maternal,  and  fetotoxic 
NOEL  of  greater  than  2,500  ppm  (125  mg/kg/day), 
the  highest  dose  tested  (EPA1988b).  In  a  rabbit  tera- 
togenicity study,  a  teratogenic  NOEL  of  greater  than 
75  mg/kg/day  (the  highest  dose  tested)  was 
reported,  and  a  fetotoxic  NOEL  of  25  mg/kg/day  was 
reported,  based  on  increased  incidence  of  resorp- 
tion in  the  75-mg/kg/day  group  (EPA  1988). 


Nonthreshold  Toxicity  in  Laboratory 
Animals 


Carcinogenicity.  Available  data  do  not  indicate  that 
chlorsulfuron  is  carcinogenic.  In  2-year  rat  and 
mouse  carcinogenicity  studies,  no  carcinogenic 
effects  were  observed  at  dosage  levels  up  to  2,500 


ppm  (125  mg/kg/day)  and  5,000  ppm  (750  mg/kg/ 
day),  the  highest  doses  tested  in  rats  and  mice, 
respectively  (EPA  1988).  According  to  EPA's  Inte- 
grated Risk  Information  System  (EPA  1988a),  this 
chemical  has  not  been  evaluated  for  evidence  of 
human  carcinogenic  potential. 


Mutagenicity.  Chlorsulfuron  was  nonmutagenic  in 
an  Ames  bacterial  assay,  a  Chinese  hamster  ovary 
mammalian  cell  assay,  a  rat  dominant  lethal  assay, 
an  in  vitro  cytogenetic  assay,  and  a  DNA  repair  assay 
(Du  Pont  1982).  Based  on  these  results,  chlorsul- 
furon is  not  considered  to  be  a  potential  human  mut- 
agen in  this  risk  assessment. 


Data  Gaps 

EPA's  Integrated  Risk  Information  System  (EPA 
1988a)  and  Reference  Dose  Tracking  Report  (EPA 
1989)  reported  that  there  are  no  data  gaps  for  chlor- 
sulfuron. 


Clopyralid 


Toxic  Effects  Seen  in  Humans 

No  human  toxicity  data  on  clopyralid  were  avail- 
able in  current  literature.  EPA's  Office  of  Pesticide 
Programs  established  a  reference  dose  of  0.5  mg/kg/ 
day,  based  a  on  2-year  rat  feeding  study  with  a  NOEL 
of  50  mg/kg/day  (EPA  1989). 


Threshold  Toxicity  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  acute  oral 
LD50  values  for  male  rats,  which  range  from  4,300 
to  greater  than  5,000  mg/kg  (WSSA 1983),  clopyralid 
is  classified  as  slightly  to  very  slightly  toxic.  The 
acute  inhalation  LC50  for  rats  was  found  to  be  greater 
than  5.03  mg/L/1  hour,  and  the  dermal  LD50  for  rab- 
bits was  found  to  be  greater  than  2,000  mg/kg 
(WSSA  1983).  A  14-day  dermal  irritation  study  in  rab- 
bitsshowedthatclopyralid  caused  slightorquestion- 
able  irritation  at  the  unspecified  dose  levels  (EPA 
1988).  In  an  eye  irritation  study,  however,  clopyralid 
was  a  severe  irritant  in  rabbits  (Agrochemicals  Hand- 
book 1989). 


Subchronic  and  Chronic  Toxicity.  A  90-day  rat  feed- 
ing study  with  clopyralid  resulted  in  a  systemic 
NOEL  of  greater  than  150  mg/kg/day  (EPA  1988). 
A  1-year  dog  feeding  study  with  clopyralid  resulted 
in  a  systemic  NOEL  of  100  mg/kg/day  (EPA  1988). 
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Three  chronic  feeding  tests  with  clopyralid  were 
carried  out  in  rats  and  mice.  In  the  first  study,  groups 
of  rats  were  fed  clopyralid  at  dose  levels  of  0,  5,  15, 
50  or  150  mg/kg/day  for  2  years  (EPA  1988).  The 
female  rats  in  the  150  mg/kg/day  group  showed  a 
reduction  in  mean  body  weight.  Based  on  this  ad- 
verse effect  in  the  female  rats,  EPA  established  a  sys- 
temic NOEL  of  50  mg/kg/day  for  clopyralid.  How- 
ever, EPA  (1988)  rated  this  study  "supplementary." 

In  the  second  study,  groups  of  rats  were  fed  clo- 
pyralid at  dose  levels  of  0,  15,  150,  or  1,500  mg/kg/ 
day  for  2  years  (EPA  1988).  The  rats  in  the 
150-mg/kg  group  showed  hyperplasia  and  thicken- 
ing of  the  limiting  ridge  of  the  stomach.  Based  on 
these  adverse  effects,  EPA  established  a  systemic 
NOEL  of  15  mg/kg/day  for  clopyralid.  However,  EPA 
(1988)  also  rated  this  study  "supplementary." 

In  the  third  study,  groups  of  mice  were  fed  clopy- 
ralid at  dose  levels  of  0, 100, 500,  or  2,000  mg/kg/day 
for  2  years  (EPA  1988).  EPA  established  a  systemic 
NOEL  of  500  mg/kg/day  for  clopyralid,  based  on 
decreased  body  weights  in  male  mice  in  the 
2,000-mg/kg/day  group.  A  "minimum"  rating  was 
given  to  this  study  (EPA  1988). 


Reproductive  and  Developmental  Toxicity.  In  a  two- 
generation  rat  reproduction  study  in  which  rats  were 
fed  clopyralid  at  dose  levels  of  0, 150,  500,  or  1,500 
mg/kg/day,  a  reproductive  NOEL  was  established  to 
be  greater  than  1,500  mg/kg/day  (EPA  1988).  This 
study  resulted  in  a  systemic  NOEL  of  500  mg/kg/day 
for  clopyralid,  based  on  decreased  terminal  body 
weights  in  the  1 ,500-mg/kg/day  group. 

Teratogenicity  studies  with  clopyralid  were  car- 
ried out  in  rabbits  and  rats  (EPA  1988).  A  rabbit  tera- 
togenicity study  established  a  teratogenic,  maternal, 
and  fetotoxic  NOEL  of  greater  than  250  mg/kg/day, 
the  highest  dose  tested.  In  a  rat  teratogenicity  study, 
teratogenic  and  fetotoxic  NOELs  of  greater  than  250 
mg/kg/day  were  reported,  and  a  maternal  NOEL  of 
75  mg/kg/day  was  reported  based  on  decreased 
body  weight  gains  and  food  consumption  in  the 
250-mg/kg/day  group,  the  highest  dose  tested. 


Nonthreshold  Toxicity  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Available  data  do  not  indi- 
cate that  clopyralid  is  carcinogenic.  In  a  mouse 
2-year  dietary  feeding/carcinogenicity  study,  carci- 
nogenic effects  were  not  found  at  dose  levels  up  to 
2,000  mg/kg/day  (EPA  1988).  Two-year  feeding/ 
carcinogenicity  tests  with  clopyralid  in  rats  were 
reported  in  two  studies  (EPA  1988).  In  both  studies, 
carcinogenic  effects  of  clopyralid  were  not  found  at 
the  highest  dose  levels  of  150  or  1,500  mg/kg/day. 


Mutagenicity.  Clopyralid  was  nonmutagenic  in  the 
following  four  assays  reported  by  EPA  (1988)  in  the 
tox  one-liner  on  clopyralid:  a  dominant  lethal  assay, 
an  in  vivo  cytogenetic  assay,  an  Ames  bacterial 
assay,  and  a  host  mediated  assay. 

Data  Gaps 

Based  on  the  EPA  (1988)  tox  one-liner  for  clopy- 
ralid, there  appears  to  be  no  acceptable  data  for  pri- 
mary DNA  damage.  Although  an  unscheduled  DNA 
synthesis  assay  was  submitted  to  EPA,  it  was 
deemed  unacceptable.  According  to  EPA  (1989),  no 
other  data  gaps  exist  for  clopyralid. 

2,4-D 


Toxic  Effects  Seen  in  Humans 

The  human  reference  dose  for  chronic  oral  expo- 
sure to  2,4-D  was  established  at  0.01  mg/kg/day  by 
EPA  (1989),  based  on  a  2-year  rat  oral  toxicity  study 
with  a  NOEL  of  3.0  mg/kg/day.  An  uncertainty  factor 
of  100  was  applied  in  the  calculation  of  the  human 
reference  dose  to  account  for  inter-  and  intra- 
species  variation.  The  World  Health  Organization 
established  a  human  reference  dose  at  0.3  mg/kg/ 
day  (EPA  1989). 

Peripheral  neuropathy  has  been  reported  to  result 
in  humans  from  dermal  exposure  to  2,4-D.  In  one 
study,  Goldstein  et  al.  (1959)  reported  three  cases 
in  agricultural  workers  following  dermal  exposure  to 
2,4-D.  The  neuropathy  was  characterized  by  progres- 
sive numbness,  aching  of  the  extremities,  muscular 
fasciculation,  enervation  of  muscles,  and  decreased 
conduction  velocity  in  the  ulnar  nerve.  The  condi- 
tion may  be  partially  or  totally  reversible,  depending 
on  the  dose  level  and  the  individual  exposed  (Todd 
1962,  Berkley  and  Magee  1963,  and  Wallis  et  al. 
1970).  In  one  patient,  only  partial  recovery  was 
reported,  even  after  3  years  of  treatment  (Goldstein 
et  al.  1959).  His  estimated  exposure  was  60  cubic 
centimeters  of  a  10-percent  ester  solution,  approx- 
imately 60  mg/kg. 

Several  epidemiological  investigations  have  been 
conducted  to  examine  the  link  between  human  phe- 
noxyacid  herbicide  exposure  and  cancer.  In  the  mid 
and  late  1970s,  Hardell  and  colleagues  (Hardell  and 
Sandstrom  1979,  Eriksson  et  al.  1981,  Hardell  et  al. 
1981)  conducted  a  series  of  case-control  studies  in 
rural  Sweden.  These  studies  found  a  significant 
increase  of  fivefold  to  sixfold  in  the  relative  risk  of 
soft-tissue  carcinomas,  Hodgkin's  disease,  and  non- 
Hodgkin's  lymphoma  among  farmers  using  various 
herbicides.  However,  because  of  selection  bias, 
observation  bias,  and  uncontrolled  confounding  vari- 
ables, many  experts  have  questioned  the  validity  of 
the  results  of  these  studies  (Colton  1986). 
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In  a  Danish  cohort  study  of  workers  manufactur- 
ing phenoxy  herbicides,  a  significant  increase  in  risk 
of  soft-tissue  sarcoma  (STS)  was  found,  but  no  sim- 
ilar increase  in  malignant  lymphoma  (Lynge  1985). 
The  cancer  risk  among  persons  manufacturing  and 
packaging  phenoxy  herbicides  was  equivalent  to  the 
cancer  risk  in  the  Danish  population  (Lynge  1985). 
A  recent  Swedish  cohort  study  found  no  signifi- 
cantly increased  relative  risk  (0.9)  of  STS  in  Swedish 
agricultural  and  forestry  workers  exposed  to  phen- 
oxy acid  herbicides  (Wiklund  and  Holm  1986).  In 
addition,  a  case-control  study  conducted  in  New 
Zealand  by  Smith  et  al.  (1984)  was  negative  for  soft- 
tissue  carcinomas,  showing  an  estimated  relative 
risk  of  1.3. 

Recently,  Hoar  et  al.  (1986)  completed  a  case- 
control  study  in  Kansas  examining  the  risk  of  lym- 
phoma and  STS  in  men  from  agricultural  herbicide 
exposure.  The  study  found  no  association  between 
exposure  and  soft-tissue  carcinoma  or  Hodgkin's 
disease,  but  a  significant  association  was  observed 
for  non-Hodgkin's  lymphoma  (NHL)  and  phenoxya- 
cetic  acid  herbicide  exposure,  especially  2,4-dich- 
lorophenoxyacetic  acid  exposure.  In  addition,  indi- 
viduals exposed  to  herbicides  for  more  than  20  days 
per  year  had  a  sixfold  increase  in  NHL.  Nonetheless, 
this  study  suffers  from  the  same  inherent  limitations 
as  other  case-control  studies,  mainly  that  it  relies  on 
the  recall  ability  of  the  subject  or  their  next  of  kin 
to  determine  their  exposure  status.  If  their  recall  is 
faulty,  misclassification  occurs.  It  is  especially  diffi- 
cult to  assess  exposure-disease  relationships  in 
these  types  of  epidemiological  studies  (NRC  1986). 
For  example,  it  is  possible  to  have  common  expo- 
sures to  other  carcinogenic  agents  or  other  factors 
that  resuit  in  disease  but  are  not  discovered  in  the 
interview  and  confound  the  results.  Thus,  uncon- 
trolled confounding  factors  in  observational  epide- 
miological studies  can  be  particularly  troublesome 
in  interpreting  the  results.  However,  the  apparent 
dose-response  relationship  observed  in  the  Hoar  et 
al.  (1986)  study  for  NHL  is  of  public  health  concern 
and  needs  further  examination.  It  should  be  noted 
that  at  least  two  additional  studies  are  now  under 
way  that  should  be  helpful  in  assessing  risk  to 
humans  from  the  use  of  2,4-D  and  other  phenoxy  her- 
bicides (Colton  1986). 

In  a  recent  review  of  the  Hoar  et  al.  (1986)  study 
conducted  for  EPA,  Brian  MacMahon,  M.D.,  Ph.D., 
of  the  Harvard  School  of  Public  Health,  concluded: 

In  my  opinion  the  weight  of  evidence  does 
not  support  the  conclusion  that  there  is  an 
association  between  exposure  to  2,4-D  and 
NHL.  it  is  axiomatic  that,  except  when  rel- 
ative risks  are  very  high— and  sometimes 
even  then— no  single  study  will  establish  an 
association  between  an  exposure  and  an 
outcome.  The  acceptance  of  an  association 
depends  on  a  number  of  studies  showing 


consistent  results  across  populations  and 
across  different  epidemiologic  methods. 
The  study  of  Hoar  et  al.  is  a  strong  study- 
strong  enough  on  its  own  to  establish  a 
hypothesis  of  relationship  of  exposure  to 
2,4-D  with  some  small  proportion  of  cases 
of  NHL— a  hypothesis  that  clearly  deserves 
attempts  at  refutation  or  support  in  other 
populations.  When  one  attempts  to  place 
the  results  of  this  study  among  the  results 
of  those  published  previously,  the  picture 
becomes  very  confusing— much  more  than 
if  Hoar  et  al.  had  been  the  only  study  pub- 
lished. Taken  as  a  whole,  I  believe  that  the 
weight  of  evidence  indicates  that  an  associ- 
ation between  2,4-D  and  NHL  remains  a 
hypothesis  that  is  still  to  be  tested.  I  am 
unwilling  to  speculate  as  to  whether  2,4-D 
causes  NHL  (or  some  cases  of  NHL)  until 
the  evidence  is  clear  that  there  is  an  asso- 
ciation between  them  (MacMahon  1986). 

Also,  in  a  cohort  study  of  forestry  workers  in  On- 
tario, no  evidence  of  increased  mortality  risk  or 
cancer  risk  was  observed  in  forestry  workers  after 
15  or  more  years  of  employment  associated  with 
phenoxy  herbicide  use  (Green  1986).  The  forestry 
workers  had  been  employed  by  Ontario  Hydro  from 
1950  through  1982. 

The  Canadian  Centre  for  Toxicology  (1987)  has 
reviewed  recent  case-control  studies  of  phenoxy  her- 
bicides. A  study  conducted  in  western  Washington 
State  reported  no  overall  increased  risk  associated 
with  past  occupational  exposure  to  phenoxy  herbi- 
cides for  STS  or  NHL  (Woods  et  al.  1987,  as  cited 
in  Canadian  Centre  for  Toxicology  1987).  There  was 
an  elevated  risk  of  NHL  for  men  who  had  been 
farmers,  forestry  herbicide  applicators,  and  those  po- 
tentially exposed  to  phenoxy  herbicides  for  15  years 
or  more  during  the  15-year  period  before  cancer 
diagnosis.  However,  exposure  to  2,4-D  was  not 
singled  out. 

Another  study  reviewed  by  the  Canadian  Centre 
for  Toxicology  (1987)  is  being  conducted  by  the 
National  Cancer  Institute  in  Iowa  and  Minnesota. 
Preliminary  results  indicate  no  overall  increased  risk 
for  NHL  associated  with  living  or  working  on  a  farm 
and  a  slightly  elevated  (but  not  significant)  risk  in 
persons  using  2,4-D  (Cantor  and  Blair  1986,  as  cited 
in  Canadian  Centre  for  Toxicology  1987).  The  inves- 
tigators have  decided  to  recontact  subjects  to  gather 
more  information  on  the  number  of  days  per  year 
of  pesticide  use. 

After  reviewing  the  2,4-D  epidemiology  studies, 
the  Canadian  Centre  for  Toxicology  (1987)  con- 
cluded that  there  is  limited  evidence  of  carcinogenic- 
ity in  humans  from  exposure  to  phenoxy  herbicides, 
and  there  is  inadequate  evidence  to  classify  2,4-D 
as  a  carcinogen. 
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Threshold  Toxicity  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  2,4-D  can  be  classified 
as  moderately  toxic  in  rats  with  an  LD50  of  375  mg/kg 
(EPA  1986a).  The  acute  dermal  LD50  of  2,4-D  (21.1 
percent  active  ingredient)  in  rabbits  is  greater  than 
3,980  mg/kg  (EPA  1986a).  Skin  absorption  of  2,4-D 
is  limited.  Feldmann  and  Maibach  (1974)  found  that 
approximately  5  to  6  percent  of  the  2,4-D  dermally 
applied  to  humans  was  recovered  in  the  urine.  When 
dermal  contact  continues,  nausea,  vomiting,  mus- 
cular weakness,  and  diarrhea  have  been  reported 
(Newton  and  Dost  1 984).  2,4-D  is  a  severe  eye  irritant 
(EPA  1986a),  and  acute  eye  irritation  can  result  from 
occupational  exposures  (WHO  1984).  2,4-D  inges- 
tion or  skin  exposure  in  humans  can  cause  irritation 
to  the  gastrointestinal  tract,  chest  pain,  and  muscle 
twitching.  Ingestion  of  large  doses  of  2,4-D  causes 
gastroenteritis,  skeletal  and  cardiac  myotonia,  and 
central  nervous  system  depression  in  humans.  A 
human  dose  of  80  mg/kg  of  the  diethylamine  salt  of 
2,4-D  caused  congestion  of  all  organs,  degenerative 
nerve  cells,  and  death.  Accidental  swallowing  of  1 10 
mg/kg  of  isooctyl  ester  of  2,4-D  caused  muscle 
twitching  and  paralysis,  although  the  individual 
recovered  in  24  hours  (Mullison  1981,  as  cited  in 
USDA  1984). 

Peripheral  neuropathy  has  not  been  seen  in  labo- 
ratory animals  dermally  exposed  to  2,4-D.  Four 
groups  of  male  and  female  Fischer  CDF  344  rats  (15 
rats  per  group)  were  used  in  a  study  to  determine 
whether  repeated  dermal  exposure  of  rats  to  2,4-D 
would  result  in  pharmacological  ortoxicological  ef- 
fects on  the  peripheral  nervous  system.  The  skin  of 
the  animals  in  the  three  treatment  groups  was 
painted  with  a  12-percent  2,4-D  amine  solution  for 
2  hours  per  day,  5  days  per  week,  for  3  weeks.  Con- 
trol animals  were  treated  with  tap  water.  Dermal 
exposure  to  2,4-D  resulted  in  two  systemic  effects: 

(1)  treated  rats  weighed  less  than  control  rats,  and 

(2)  the  kidneys  of  treated  rats  weighed  more  than 
those  of  the  control  rats.  Even  though  the  rats  had 
clear  systemic  effects  of  exposure  to  2,4-D,  there 
were  no  treatment-related  changes  in  the  function 
or  structure  of  the  nervous  system  (EPA  1986b). 

Subchronic  and  Chronic  Toxicity.  In  a  90-day  rat 
subchronic  feeding  study,  histopathological  abnor- 
malities were  observed  at  the  lowest  dose  tested  of 
1.0  mg/kg/day  (EPA  1986a). 

EPA(1985)  has  reviewed  results  from  the  first  year 
of  a  chronic  feeding  study  on  rats.  Based  on  renal 
effects,  a  NOEL  of  1  mg/kg/day  was  established;  the 
lowest  effect  level  was  5  mg/kg/day.  Based  on  this 
study  and  using  a  hundredfold  safety  factor,  EPA 
has  established  a  provisional  ADI  of  0.01  mg/kg/day 
(EPA  1989). 


Reproductive  and  Developmental  Toxicity.  Schwetz 
et  al.  (1971)  examined  the  effects  of  2,4-D  and  two 
esters  of  2,4-D  on  fetal  development  and  neonatal 
growth  and  survival  in  rats.  Dose  levels  up  to  the  max- 
imum tolerated  dose  of  87.5  mg/kg/day  were  admin- 
istered to  the  laboratory  animals  on  days  6  through 
15  of  gestation.  The  fetuses  then  were  delivered  by 
cesarean  section  on  day  20  of  gestation  and  exam- 
ined for  anomalies.  The  anomalies  observed  include 
decreased  fetal  body  weight,  subcutaneous  edema, 
delayed  bone  ossification,  lumbar  ribs,  and  wavy 
ribs.  Since  none  of  these  anomalies  interferes  with 
fetal  or  neonatal  development  and  survival,  they 
were  classified  in  this  study  as  neither  embryotoxic 
nor  fetotoxic.  No  treatment-related  teratogenic 
responses  were  observed.  At  the  highest  dose  level, 
decreased  viability  and  lactation  indices  were 
observed.  Therefore,  a  reproductive  NOEL  of  25 
mg/kg/day  was  established. 

EPA  has  recently  reviewed  a  rat  teratology  study 
that  used  an  acid  form  of  2,4-D  (EPA  1985).  Based 
on  fetotoxicity  and  delayed  ossification,  a  NOEL  of 
25  mg/kg/day  was  established;  the  lowest  effect 
level  was  found  to  be  75  mg/kg/day. 

A  recent  multigeneration  rat  study  was  conducted 
at  dose  levels  of  0,  5,  20,  and  80  mg/kg/day.  During 
gestation  and  lactation  of  the  original  parents,  the 
female  high-dose  group  was  actually  receiving 
about  120  mg/kg/day.  Adverse  effects  on  the  origi- 
nal parents  in  this  dose  group  and  their  offspring 
were  excessive,  and  the  80-mg/kg/day  dosage  level 
was  terminated  (Mullison  1986).  According  to  EPA 
(1986b),  the  results  showed  no  effects  at  5  mg/kg/ 
day.  At  the  next  higher  dose  tested  (20  mg/kg/day), 
however,  maternal  body  weights  and  pup  weights 
decreased  (EPA  1986b). 

The  n-butylester  of  2,4-D  was  analyzed  for  immu- 
notoxity  in  an  acute  and  subacute  oral  study,  an 
acute  and  subacute  dermal  study,  and  a  teratology 
study  with  mice.  Intheacute  dermal  study,  mice  exhi- 
bited suppressed  antibody  production  against 
sheep  red  blood  cells  at  high  exposure  levels  (500 
mg/kg).  This  response  was  believed  to  be  a  second- 
ary manifestation  of  clinical  signs  observed  rather 
than  a  direct  immunological  effect.  In  the  subacute 
dermal  study,  antibody  production  was  not  sup- 
pressed, but  it  did  enhance  lymphocyte  proliferative 
responses.  The  authors  concluded  that  the  results 
of  this  study  suggest  that  2,4-D  esters  are  unlikely 
to  have  any  major  immunotoxicological  significance 
(Blakley  and  Schiefer  1986c). 

In  the  acute  and  subacute  oral  studies,  immunos- 
timulatory  effects  were  observed  at  relatively  high 
exposures  to  2,4-D  (100  to  200  mg/kg/day).  It  was 
also  concluded  that  these  immune  alterations  would 
not  have  any  major  toxicological  significance  (Blak- 
ley 1986a).  Likewise  in  the  teratology  study,  no  net 
suppressive  effect  was  observed,  and  although  sub- 
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tie  effects  were  noted  in  lymphocyte  blastogenesis, 
the  authors  concluded  that  the  2,4-D  ester  was  un- 
likely to  be  of  any  immunotoxicological  or  teratolog- 
ical  significance  (Blakley  and  Blakley  1986b). 


Nonthreshoid  Toxicity  in  Laboratory 
Animals 


Carcinogenicity.  There  is  much  controversy  and  lit- 
tle definitive  evidence  from  laboratory  studies  and 
epidemiology  studies  to  indicate  that  2,4-D  may  be 
carcinogenic.  Nevertheless,  a  cancer  risk  analysis 
was  done  for  2,4-D  in  this  risk  assessment.  Several 
chronic  toxicity/oncogenicity  studies  have  been 
reported  in  the  literature  using  various  esters  of 
2,4-D.  Innes  et  al.  (1969)  reported  that  the  maximum 
tolerated  dose  (46.4  mg/kg/day)  of  butyl,  isopropyl, 
or  isooctyl  esters  of  2,4-D  was  fed  to  two  strains  of 
mice  for  up  to  78  weeks  with  no  significant  increase 
in  the  tumor  incidence  observed  at  a  95-percent  con- 
fidence level. 

A  study  was  reported  by  Hansen  et  al.  (1971)  in 
which,  over  a  period  of  more  than  2  years,  rats  were 
fed  2,4-D  at  0,  5,  25,  125,  625,  and  1,250  ppm,  and 
dogs  were  fed  2,4-D  at  0,  10,  50, 100,  and  500  ppm. 
In  the  dogs,  no  increased  tumor  incidence  was 
observed,  and  no  other  lesions  were  attributed  to 
2,4-D.  The  rats  showed  a  high  incidence  of  tumors 
(30  percent)  in  both  the  treated  and  untreated  (con- 
trol) groups.  The  male  rats  had  a  significantly  higher 
incidence  of  malignant  tumors  in  the  high-dose 
group  (1,250  ppm),  and  the  female  rats  showed  a 
trend  toward  increased  tumor  formation  with  the  log- 
arithm of  dose.  However,  Hansen  et  al.  (1971)  con- 
cluded that,  because  the  tumors  were  not  target 
organ  types  but  were  randomly  distributed  types  nor- 
mally found  in  aging  Osborne-Mendel  rats  and 
because  survival  rates  were  not  affected,  the  data 
"support  the  pathological  interpretation  that  a  carci- 
nogenic effect  of  2,4-D  has  not  been  shown."  How- 
ever, one  expert,  Dr.  M.  Reuber,  has  reexamined  the 
data  and  challenged  the  conclusion  that  no  carcino- 
genic effect  was  demonstrated  (Halts  1980,  as  cited 
in  USDA  1984). 

In  a  study  of  adult  female  sheep  that  were  exam- 
ined at  slaughter,  exposure  to  phenoxy  herbicides 
was  associated  with  significant  increases  in  the  rate 
of  small  intestinal  adenocarcinoma  (Newell  et  al. 
1984).  Tumor  rates  rose  significantly  with  the  total 
number  of  phenoxy  sprays  used  on  the  farm. 

According  to  the  World  Health  Organization 
(WHO)  (1984),  "the  carcinogenic  potential  of  2,4-D 
and  its  derivatives  such  as  the  amine  salts  and  esters 
has  not  been  adequately  tested.  The  reports  on  ani- 
mal bioassay  carried  out  so  far  are  either  too  brief 
for  proper  evaluation  or  have  been  the  subject  of 
scientific  controversy." 


EPA's  (1986c)  review  of  a  long-term  study  on  the 
oncogenic  potential  of  2,4-D  reported  an  increased 
incidence  of  brain  tumors  in  rats.  EPA  has  requested 
an  independent  expert  to  review  the  brain  tissue 
slides  from  this  study,  and  may  request  a  Scientific 
Advisory  Panel  review.  Therefore,  EPA  does  not 
believe  it  is  appropriate  at  this  time  to  derive  a  spe- 
cific numerical  estimate  of  cancer  potency  based  on 
the  new  data.  However,  EPA  has  stated  that,  based 
on  their  preliminary  review,  the  level  of  cancer 
potency  indicated  by  the  reported  results  would  be 
of  about  the  same  order  of  magnitude  as  the  potency 
value  based  on  the  Hansen  study  (EPA  1986c). 

At  106  weeks,  a  preliminary  pathology  report  from 
a  recent  mouse  study  found  that  2,4-D  was  not  onco- 
genic at  dosages  of  1,  15,  and  45  mg/kg/day  (Ha- 
zelton  Laboratories  1986). 


Cancer  Potency.  Because  of  the  uncertainty  about 
the  carcinogenicity  of  2,4-D,  a  cancer  risk  analysis 
was  conducted  for  2,4-D  in  this  risk  assessment. 
2,4-D  cancer  potency  was  calculated  based  on  the 
rate  of  tumor  formation  in  the  female  Osborne- 
Mendel  rats  studied  by  Hansen  et  al.  (1971).  This  is 
the  species  and  sex  that  has  exhibited  the  highest 
increase  in  tumor  formation  after  2,4-D  administra- 
tion. All  tumors  were  considered,  although  many  of 
them  were  benign.  The  95-percent  upper  confidence 
limit  of  the  cancer  potency,  calculated  by  Crump 
(1983)  using  the  GLOBAL  82  computer  program, 
was  0.00503  per  (mg/kg/day).  In  this  risk  assess- 
ment an  interspecies  extrapolation  factor  of  5.8  was 
used  to  adjust  the  rat  cancer  potency  for  humans 
(K=(human  weight/test  animal  weight)  1/3;  average 
human  weight  =  70  kg,  average  rat  weight  =  350g). 
The  adjusted  potency  is  0.029  per  (mg/kg/day).  A 
preliminary  review  of  an  additional  long-term 
oncogenicity  study  submitted  to  EPA  in  1986  indi- 
cates that  the  cancer  potency  level  would  be  of 
about  the  same  magnitude  as  thecancer  potency  cal- 
culated by  Crump  (EPA  1986c). 


Mutagenicity.  Numerous  studies  have  been  per- 
formed to  examine  the  mutagenic  potential  of  2,4-D. 
Many  of  these  studies  have  been  reviewed  by 
Newton  and  Dost  (1984)  and  have  shown  negative, 
weakly  positive,  and  positive  results,  depending 
upon  the  test  systems  used  and  the  purity  of  the  test 
substances.  For  example,  microbial  assays  with  B. 
subtilis,  E.  coli,  S.  typhimurium,  S.  cereuisiae,  and 
BacteriophageT4;  insect  chromosomal  studies  with 
Drosophila;  cell  culture  studies;  and  mammalian 
chromosomal  studies  have  all  shown  predominantly 
negative  results.  However,  positive  mutagenic  re- 
sponses also  have  been  recorded  in  some  of  these 
test  systems,  including  unscheduled  DNA  synthesis 
in  human  fibroblasts,  arabain  resistance  in  hamster 
lung  cells,  the  recessive  lethal  assay  in  Drosophila, 
chromosomal  aberration  in  mouse  bone  marrow, 
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and  sister  chromatid  exchange  in  human  lympho- 
cytes (Newton  and  Dost  1984).  Furthermore,  2,4-D 
caused  a  highly  significant  increase  in  rates  of  sister 
chromatid  exchange  in  cultured  human  lympho- 
cytes at  a  50  ug/mL  dosage,  but  not  at  dosages  of 
100  and  250  ug/mL  (Turkula  and  Jalal  1985).  Bovine 
fetal  musclecellsexposedtoaculture  media  contain- 
ing 2  and  20  mg/L  of  2,4-D  exhibited  an  initial  drop 
in  mitotic  index,  an  increase  in  differentiating  and 
degenerating  cells,  unipolar  and  tripolar  spindles, 
and  a  variety  of  other  abnormalities  (Basrur  et  al. 
1976).  Also,  2,4-D  induced  clastogenicity  (chromo- 
somal breaks)  in  white  rats  (Turkula  and  Jalal  1987). 
According  to  WHO  (1984),  however,  "studies  avail- 
able at  present  are  not  adequate  for  the  quantitative 
evaluation  of  the  mutagenic  effects  of  2,4-D  and  ev- 
idence does  not  suggest  that  2,4-D  derivatives  are 
potent  mutagens."  Newton  and  Dost  (1984),  in  their 
review,  concluded  that  2,4-D  may  be  a  weak  muta- 
gen "but  is  without  significance  as  an  environmental 
mutagenic  hazard."  Thus,  the  review  of  the  evidence 
of  2,4-D  mutagenicity  in  this  risk  assessment  indi- 
cates that  2,4-D  cannot  be  ruled  out  as  a  weak  mut- 
agen, but  that  it  is  not  likely  to  present  a  risk  of 
human  heritable  mutations  at  the  exposure  levels 
that  might  occur  in  BLM's  vegetation  treatment  pro- 
gram. 


2,4-D  Contaminants 

In  the  case  of  2,4-D,  special  attention  must  be  paid 
to  two  contaminants,  one  of  which  is  also  a  meta- 
bolic product  in  microorganisms.  The  first  of  these 
contaminants,  2,4-dichlorophenol  (2,4-DCP),  is  an 
intermediate  in  the  manufacture  of  2,4-D  and  a  min- 
ute fraction  of  2,4-DCP  may  remain  in  the  final  prod- 
uct. It  is  also  an  environmental  metabolite  of  2,4-D. 
Because  of  its  relatively  low  toxicity  (the  LDso  is 
approximately  1,300  mg/kg),  however,  2,4-DCP  has 
not  been  judged  sufficiently  toxic  to  be  eliminated 
from  2,4-D  formulations  (Dost  1983). 

The  effects  of  2,4-DCP  on  human  health  have  not 
been  well  studied.  Boutwell  and  Bosch  (1958,  as 
cited  in  Dost  1983)  examined  the  carcinogenicity  of 
2,4-DCP  and  found  it  to  be  a  very  weak  skin  tumor 
promoter.  It  was  also  found  to  inhibit  oxidative  phos- 
phorylation in  rat  liver  and  brain  mitochondria  (Mit- 
suda  et  al.  1963).  Somani  and  Khalique  (1982)  found 
that  after  intravenous  administration  of  2,4-DCP  in 
rats,  the  chemical  was  rapidly  metabolized  to  glucur- 
onic^ and  other  conjugates  and  was  eliminated  from 
the  body.  They  showed  that  half-lives  in  the  kidney 
and  liver  are  longer  than  in  other  tissues,  indicating 
that  the  liver  is  a  principal  organ  for  metabolism  and 
that  the  higher  levels  in  the  kidneys  correlate  with 
that  being  the  route  of  elimination.  Seyler  et  al. 
(1984)  performed  some  preliminary  reproductive 
screening  procedures  and  found  that  2,4-DCP  did 
not  depress  sperm  penetration  of  ova  and  sperm 


motility  in  vitro  when  compared  with  controls.  A 
2,4-DCP  teratology  study  recently  reviewed  by  EPA 
found  a  NOEL  of  350  mg/kg/day;  the  lowest  effect 
level  was  found  to  be  750  mg/kg/day,  with  the  effect 
being  delayed  ossification  (EPA  1985).  Nonetheless, 
the  low  toxicity  of  2,4-DCP  and  the  extremely  low 
potential  exposures  of  this  contaminantfrom  the  par- 
ent herbicide  (a  worse  case  exposure  of  0.003 
mg/kg,  Dost1983)  indicate  that2,4-DCP  presents  vir- 
tually no  human  health  hazard. 

The  other  impurity  of  concern  in  2,4-D  formula- 
tions is  2,7-dichloro-dibenzo-p-dioxin  (DCDD), 
which  differs  only  slightly  in  structure  from  the  well- 
known  2,3,7,8-TCDD,  but  differs  by  about  a  million- 
fold  in  toxicity.  Two  concerns  of  biological  danger 
have  been  expressed:  DCDD  is  alleged  to  be  a  car- 
cinogen and  a  teratogen  (Dost  1983). 

The  toxicologic  studies  from  which  these  con- 
cerns arise  were  reported  by  Khera  and  Ruddick 
(1973,  as  cited  in  Dost  1983),  who  discussed  feto- 
toxic  effects  of  DCDD,  and  the  National  Cancer  Insti- 
tute (1979,  as  cited  in  Dost  1983),  which  conducted 
carcinogenesis  studies  in  two  species.  Khera  and 
Ruddick  fed  mice  DCDD  at  dosages  of  1  and  2 
mg/kg  daily  to  determine  whether  DCDD  could 
cause  birth  defects.  The  observed  effect  at  1  mg/kg 
was  a  modest  degeneration  of  heart  muscle  fibers 
and  some  fluid  accumulation  around  the  heart  in  a 
few  of  the  animals.  A  somewhat  greater  number  of 
animals  were  affected  at  2  mg/kg.  Both  effects  are 
in  the  category  of  general  fetal  toxicity.  No  terato- 
genic effect  was  found. 

The  National  Cancer  Institute  (1979,  as  cited  in 
Dost  1983)  work  was  carried  out  by  feeding  DCDD 
as  0.5  and  1  percent  of  the  total  diet  for  2  years.  The 
data  indicated  a  "suggested"  carcinogenic  effect  in 
male  mice  that  was  not  strong  enough  to  support  a 
conclusion  that  DCDD  is  a  carcinogen.  Neither  male 
mice  nor  rats  of  either  sex  responded  significantly. 
DCDD  has  been  found  in  3  of  30  samples  of 
U.S.-produced  2,4-D,  along  with  traces  of  other  rel- 
atively nontoxic  chlorodioxins  with  three  and  four 
chlorines.  The  concentrations  in  the  three  positive 
samples  ranged  from  25  to  60  ppb.  If  the  maximum 
expected  human  dose  of  2,4-D  is  0.1  mg/kg,  and  for 
convenience,  all  2,4-D  is  assumed  to  contain  100 
ppb  of  DCDD,  the  dose  of  DCDD  to  the  exposed 
human  would  be  0.00000001  mg/kg  (Dost  1983). 

The  conclusion,  therefore,  is  that  neither  2,4-DCP 
nor2,7-DCDD,  at  maximum  occupational  or  environ- 
mental exposures  to  2,4-D,  represents  a  human 
hazard  (Dost  1983). 


Data  Gaps 

According  to  EPA  (1989),  existing  data  gaps 
include  a  chronic  feeding  study  in  dogs  and  a  tera- 
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tology  study  in  rabbits.  In  addition,  EPA  (1988)  con- 
siders mutagenicity,  eye  irritation,  dermal  irritation, 
and  21 -day  dermal  studies  to  be  data  gaps  for  2,4-D. 
Lastly,  partial  data  gaps  exist  for  oncogenicity  stud- 
ies in  rats  and  mice  (EPA  1988). 


In  a  2-year  mouse  feeding/oncogenicity  study, 
test  animals  exhibited  increased  liver  weight  at  200 
mg/kg/day,  the  highest  dose  tested  (CDFA  1986d). 
A  systemic  NOEL  of  60  mg/kg/day  was  therefore 
established. 


Dalapon 


Toxic  Effects  Seen  in  Humans 

The  human  reference  dose  for  chronic  oral  expo- 
sure to  dalapon  was  established  at  0.03  mg/kg/day 
by  EPA  (1989),  based  on  a  NOEL  of  8.45  mg/kg/day 
in  a  2-year  oral  toxicity  study  with  rats.  An  uncer- 
tainty factor  of  300  was  applied  to  account  for  inter- 
and  intra-species  variation,  and  to  account  for  a  sig- 
nificant number  of  data  gaps  for  dalapon. 


Threshold  Toxicity  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  the  lowest 
acute  oral  LD50  of  7,577  mg/kg  in  rats,  dalapon  can 
be  classified  as  very  slightly  toxic.  In  a  primary  eye 
irritation  study  with  rabbits,  a  26.8-percent  formula- 
tion of  dalapon  caused  slight  eye  irritation,  which 
subsided  within  24  hours.  Based  on  this  study,  EPA 
categorized  dalapon  as  slightly  toxic  for  eye  irrita- 
tion. The  acute  dermal  LD50  for  the  26.8-percent  for- 
mulation in  rabbits  was  greater  than  4  g/kg  (HDT). 
Based  on  the  slight  local  erythema  observed  in  this 
study,  dalapon  was  also  classified  as  slightly  toxic 
for  dermal  toxicity  (EPA  1984). 


Subchronic  and  Chronic  Toxicity.  In  a  2-year  feed- 
ing study,  rats  were  given  100,  300,  and  1,000  ppm 
dalapon  sodium  salt  in  the  diet.  The  only  adverse 
effect  noted  was  increased  average  kidney  weight  at 
the  highest  dose  level.  Microscopic  examination  of 
tissues  revealed  no  abnormal  pathology  (Paynter  et 
al.  1960,  as  cited  in  USDA  1984).  The  NOEL  for  this 
study  was  therefore  established  at  300  ppm  (15 
mg/kg/day)  (EPA  1984).  Because  the  test  substance 
was  only  65  percent  dalapon,  EPA  has  converted  the 
NOEL  to  8  mg/kg/day  for  1 00  percent  dalapon  in  the 
drinking  water  health  advisory  (EPA  1987a). 

In  another  chronic  toxicity  study,  dogs  were 
administered  dalapon  sodium  salt  by  capsule  (15, 
50,  or  100  mg/kg/day)  5  days  per  week  for  52  weeks. 
At  the  high-dose  level,  adverse  effects  were  limited 
toan  increase  in  averagekidney  weights.  Histopatho- 
logical  examination  revealed  no  significant  differ- 
ence in  tissues  of  treated  and  untreated  animals 
(Paynter  et  al.  1960,  as  cited  in  USDA  1984).  The 
NOEL  for  this  study  was  therefore  determined  to  be 
100  mg/kg/day  (EPA  1984). 


Reproductive  and  Deveiopmental  Toxicity.  No  tera- 
togenic effects  were  noted  in  two  rat  teratology  stud- 
ies. In  one  study,  rats  were  administered  500, 1,000, 
or  1,500  mg/kg/day  by  gavage  during  days  6  to  15 
of  gestation.  Fetal  weight  was  significantly 
decreased  at  1,000  and  1,500  mg/kg  (CDFA  1986d). 
The  fetotoxic  NOEL  was  therefore  established  at  500 
mg/kg/day,  and  the  teratogenic  NOEL  was  greater 
than  1,500  mg/kg/day  (EPA  1984). 

In  another  teratology  study,  pregnant  rats  were 
given  250, 500, 1 ,000, 1 ,500,  or  2,000  mg/kg/day  dur- 
ing the  6th  through  15th  day  of  gestation.  Pup 
weights  were  significantly  lower  at  the  1 ,000  mg/kg/ 
day  dosage  level,  and  weight  gains  of  pregnant  dams 
were  reduced  at  1,500  mg/kg/day.  No  adverse  ef- 
fects were  observed  at  the  250-  and  500-mg/kg/day 
dose  levels  (USDA  1984). 

In  a  three-generation  reproduction  study,  rats 
were  fed  0.03, 0.1 ,  or  0.3  percent  dalapon  sodium  salt 
in  the  diet.  No  adverse  effects  on  fertility,  gestation, 
viability,  or  growth  and  maturation  were  observed 
(Paynter  et  al.  1960,  as  cited  in  USDA  1984).  The 
NOEL  was  reported  as  0.3  percent  (approximately 
300  mg/kg/day)  (EPA  1984).  In  another  three- 
generation  rat  reproduction  study,  the  NOEL  was 
determined  to  be  3,000  ppm  (150  mg/kg/day)  (EPA 
1984).  A  one-generation  reproduction  study  in  dogs 
established  a  NOEL  of  500  ppm  (12.5  mg/kg/day) 
(EPA  1984). 


Nonthreshold  Toxicity  in  Laboratory 
Animals 


Carcinogenicity  Study  Results.  In  a  2-year  feeding/ 
oncogenicity  study,  rats  were  fed  diets  containing 
100,  300,  or  1,000  ppm  dalapon  sodium  salt.  At  104 
weeks,  histological  examination  of  tissues  revealed 
no  differences  between  treated  and  control  animals. 
However,  findings  specifically  related  to  tumor  for- 
mation were  not  reported  (Paynter  et  al.  1960,  as 
cited  in  USDA  1984). 

In  a  mouse  oncogenicity  study  reported  by  the  Cal- 
ifornia Department  of  Food  and  Agriculture  (CDFA 
1986d),  animals  were  fed  0,  2,  60,  or  200  mg/kg/day 
over  2  years.  Although  this  study  was  judged  incom- 
plete, CDFA  (1986d)  concluded  that  dalapon  was 
not  oncogenic  in  this  study. 

No  abnormal  pathology  or  evidence  of  tumor  for- 
mation was  found  of  histology  sections  of  test  ani- 
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mal  tissues  in  a  52-week  dog  feeding  study  (Paynter 
et  al.  1960,  as  cited  in  USDA  1984).  Thus,  available 
data  do  not  indicate  that  dalapon  is  carcinogenic. 
EPA  (1 987a)  has  placed  dalapon  in  Group  D:  not  clas- 
sifiable as  to  human  carcinogenicity  because  of 
insufficient  study  data. 


cultural  incident.  Three  children  who  sucked  mint 
leaves  from  a  ditch  bank  previously  sprayed  with 
dicamba  were  asymptomatic. 


Threshold  Toxicity  in  Laboratory  Animals 


Mutagenicity.  Mutagenicity  studies  also  were 
reported  by  the  California  Department  of  Food  and 
Agriculture  (CDFA  1986d).  Dalapon  tested  negative 
for  gene  mutation  in  Salmonella  with  and  without 
activation  and  in  Aspergillus  nidulans.  Dalapon  was 
also  negative  for  chromosomal  aberrations  in  the 
Chinese  hamster  ovary  cell.  The  weight  of  evidence 
reviewed  in  this  risk  assessment  therefore  indicates 
that  dalapon  does  not  present  a  risk  of  heritable 
mutations. 


Data  Gaps 

EPA  (1987b)  reports  that  data  gaps  for  dalapon 
include  a  chronic  feeding  study  in  rats,  a  chronic 
feeding  study  in  dogs,  a  reproduction  study  in  rats, 
and  teratology  studies  in  rats  and  rabbits.  In  addi- 
tion, no  oncogenicity  studies  have  been  validated  by 
EPA  for  dalapon.  EPA  requires  oncogenicity  studies 
in  two  rodent  species. 

The  systemic  NOEL  for  dalapon  used  in  this  risk 
assessment  (8  mg/kg/day)  was  established  in  a 
chronic  rat  feeding  study,  as  cited  by  EPA  (1984); 
however,  as  stated  above,  an  additional  chronic  feed- 
ing study  in  rats  must  be  completed  to  fulfill  EPA 
requirements. 


Dicamba 


Toxic  Effects  Seen  in  Humans 

No  human  toxicity  data  on  dicamba  were  available 
in  the  literature.  EPA  has  established  for  dicamba  a 
reference  dose  (RfD)  of  0.03  mg/kg/day  for  chronic 
oral  exposure  based  on  a  rabbit  teratology  study 
with  a  NOEL  (no-observed-effect  level)  of  3.0  mg/kg/ 
day  (EPA  1989).  An  uncertainty  factor  of  100  was 
applied  to  the  NOEL  to  derive  the  RfD. 

The  Pesticide  Incident  Monitoring  System  data 
base  revealed  10  incident  reports  involving  humans 
from  1966  to  March  1981  for  dicamba  (EPA  1981,  as 
cited  in  EPA  1987).  Six  of  the  ten  reported  incidents 
involved  spraying  operations.  No  concentrations 
were  specified.  Exposed  workers  developed  symp- 
toms that  included  muscle  cramps,  dyspnea,  nau- 
sea, vomiting,  skin  rashes,  loss  of  voice,  and  swelling 
of  cervical  glands.  Coughing  and  dizziness  resulted 
in  one  child  being  involved  in  an  undescribed  agri- 


Acute  and  Subacute  Toxicity.  Based  on  its  acute  oral 
LD50  of  757  mg/kg  in  rats,  dicamba  can  be  classified 
as  slightly  toxic  (USDA  1984).  Also,  dicamba  is  very 
slightly  toxic  as  a  skin  irritant  (EPA  1984).  However, 
dicamba  is  classified  as  a  severe  eye  irritant  (EPA 
1983). 


Subchronic  and  Chronic  Toxicity.  The  NOEL  from 
a  90-day  rat  study  is  given  as  500  ppm  (25  mg/kg/ 
day),  based  on  slight  liver  cell  alterations  at  the 
800-ppm  dose  (EPA  1984).  In  a  15-week  rat  feeding 
study,  male  Wistar  rats  (20  per  dose)  that  were  fed 
diets  containing  technical  dicamba  at  0,  31.6,  100, 
316,  1,000,  or  3,162  ppm  (0,  1.6,  5,  15.8,  50,  or  158 
mg/kg/day)  showed  liver-to-body  weight  ratio 
increases  at  the  two  highest  doses  (EPA  1987).  The 
NOEL  for  this  study  was  determined  to  be  15.8 
mg/kg/day. 

A  2-year  oral  toxicity  study  on  rats  established  a 
NOEL  of  greater  than  125  mg/kg/day,  which  was  the 
highest  dose  tested  (EPA  1988).  In  addition,  a  1-year 
oral  toxicity  study  in  dogs  established  a  NOEL  of 
greater  than  52  mg/kg/day,  which  was  the  highest 
dose  tested  (EPA  1988). 

A  90-day  subchronic  feeding  study  with  male  and 
female  rats  was  performed  with  dosages  of  0, 1,000, 
5,000,  and  10,000  ppm.  The  rats  exhibited  no 
compound-related  changes  in  general  behavior  and 
appearance.  The  high-dose  groups  showed  a  slight 
decrease  in  comparative  body  weight  gains  and  food 
consumption.  There  were  no  gross  lesions  or  organ 
weight  gain  variations  in  treated  groups.  There  was 
an  absence  or  reduction  of  cytoplasmic  vacuolation 
of  hepatocyte,  indicating  reduced  glycogen  storage 
in  high-dose  groups.  The  no-observed-effect  level 
was  250  mg/kg/day  (systemic)  (EPA  1987). 


Reproductive  and  Developmental  Toxicity.  A  feto- 
toxic  NOEL  of  0.5  mg/kg  was  reported  for  a  rabbit 
teratology  pilot  study,  with  intrauterine  resorptions 
reported  at  1.0  mg/kg/day  (EPA  1988).  The  NOEL 
of  0.5  mg/kg/day  was  not  used  in  this  risk  analysis 
because  of  the  supplemental  EPA  rating  of  the  study 
and  the  short  duration.  A  second  rabbit  teratology 
study  resulted  in  a  maternal  NOEL  and  a  fetotoxic 
NOEL  of  3.0  mg/kg/day,  with  decreased  fetal  body 
weights  and  increased  post  implantation  losses  at 
the  lowest  effect  level  of  1 0  mg/kg/day.  No  teratoge- 
nicity was  observed  in  this  study.  The  NOEL  of  3.0 
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mg/kg/day  was  used  for  the  risk  analysis  of 
dicamba.  A  rat  teratology  study  revealed  a  maternal 
NOEL  of  160  mg/kg/day  (EPA  1988).  Also,  in  a  three- 
generation  reproduction  study,  no  reproductive 
effects  were  observed  at  25  mg/kg/day  (highest 
dose  tested  (HDT))  (EPA  1988). 


Nonthreshold  Toxicity  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Dicamba  is  not  considered 
to  be  carcinogenic  in  this  risk  assessment.  Although 
the  above  chronic  feeding  studies  do  not  meet  the 
current  FIFRA  registration  guidelines,  they  do  pro- 
vide information  on  the  chronic  effects  of  dicamba. 
Likewise,  although  none  of  these  studies  were  con- 
ducted as  a  cancer  study  (and  they  would  not  meet 
today's  strict  guidelines  for  cancer  studies),  the  his- 
topathology  screening  conducted  does  provide 
some  information  on  dicamba's  ability  to  cause 
cancer. 

A  recent  2-year  rat  study,  accepted  by  EPA, 
showed  no  oncogenic  or  systemic  effects  at  the  high- 
est dose  tested  (125  mg/kg/day)  (EPA  1988).  How- 
ever, since  dicamba's  oncogenic  potential  has  not 
been  determined  in  mice,  dicamba  is  presently 
included  in  Group  D:  not  classifiable  as  to  human 
carcinogenicity  risk  (EPA  1987). 


the  potential  of  adding  dimethylnitrosoamine 
(DMNA)  contaminant.  Nitrosoamine  levels  in  the 
diethylamine  formulations  are  expected  to  be  less 
than  1  ppm.  The  risk  levels  for  the  dicamba  products 
with  the  nitrosoamine  contaminant  are  in  the  range 
of  1  x  10"7  to  1  x  10"8.  EPA  considers  the  benefits 
to  outweigh  the  risks  associated  with  the  nitrosoam- 
ines  (EPA  1983). 


Data  Gaps 

EPA  (1 989)  has  indicated  that  a  data  gap  exists  for 
a  mouse  oncogenicity  study.  However,  dicamba  is 
not  considered  oncogenic  for  this  risk  assessment 
because  of  negative  results  in  a  recent  2-year  rat 
study  that  EPA  (1988)  reported. 


Diuron 


Toxic  Effects  Seen  in  Humans 

EPA  (1989)  has  established  a  reference  dose  (RfD) 
of  0.002  mg/kg/day,  based,  on  the  NOEL  of  0.625 
mg/kg/day  in  the  dog  study.  An  uncertainty  factor 
of  300  was  applied  to  account  for  inter-  and  intra- 
species  and  to  account  for  the  lack  of  reproductive 
and  developmental  study  data. 


Mutagenicity.  Dicamba  has  been  tested  for  mutage- 
nicity and  for  its  effect  on  unscheduled  DNA  synthe- 
sis. The  following  studies  are  cited  in  USDA  (1984). 
The  results  were  negative  for  gene  mutation  in  Sal- 
monella typhimurium  (Poole  et  al.  1977,  Eisenbeis 
et  al.  1981,  and  Anderson  et  al.  1972),  Escherichia 
coli  (Pooleetal.  1977,  Andersen  etal.  1972), and  Sac- 
charomyces  cerevisiae  (Poole  et  al.  1977)  and  Bacil- 
lus subtilis  (DOE  1983).  Unscheduled  DNA  synthe- 
sis, assayed  in  human  fibroblast  line  W1-38,  was 
negative  for  dicamba  (Poole  et  al.  1977).  Dicamba 
was  positive  in  relative  toxicity  assays  in  E.  coli  and 
B.  subtilis  (Poole  et  al.  1977).  However,  the  weight 
of  evidence  indicates  that  dicamba  is  not  mutagenic 
and  thus  does  not  present  a  risk  of  heritable  muta- 
tions. 


Dicamba  Contaminants 

The  manufacturing  process  for  dicamba  has  the 
potential  of  resulting  in  traces  of  2,7-dichloro- 
dibenzo-p-dioxin  as  a  contaminant,  which  is  present 
at  levels  to  50  parts  per  billion  (ppb).  A  more  toxic 
dioxin  isomer,  2,3,7, 8-tetrachlorodibenzo-p-dioxin, 
has  not  been  found  at  the  limit  of  detection  (2  ppb) 
and  is  not  expected  as  an  impurity  in  dicamba.  Di- 
camba products  formulated  with  diethylamine  have 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  the  acute 
oral  LD50  of  3,750  mg/kg  in  rats,  diuron  can  be  clas- 
sified as  slightly  toxic  (EPA  1984).  Signs  of  toxicity 
were  related  to  nervous  depression  and  included 
slowed  respiration  and  heart  rate,  weakness,  and 
lethargy  (EPA  1983).  The  LD50  for  dermal  exposure 
was  found  to  be  more  than  10,000  mg/kg  in  rats; 
therefore,  diuron  is  classified  as  very  slightly  toxic 
for  dermal  effects.  Acute  primary  dermal  irritation 
studies  in  rabbits  found  slight  erythema  or  edema 
at  24  hours  (EPA  1983).  All  test  data  from  acute  pri- 
mary dermal  irritation  studies  that  applied  diuron  to 
animal  skin,  abraded  and  unabraded,  resulted  in  nor- 
mal findings  at  72  hours.  Diuron  is  classified  as  very 
slightly  toxic  for  eye  irritation  because  no  primary 
eye  irritation  was  found  in  the  unwashed  eyes  of  rab- 
bits (EPA  1983). 


Subchronic  and  Chronic  Toxicity.  EPA  (1983)  eval- 
uated two  2-year  feeding  studies,  one  using  rats  and 
one  using  dogs.  In  both  of  these  studies,  the  test  sam- 
ple was  a  wettable  powder  formulation  containing 
80  percent  diuron.  The  dietary  levels  were  based  on 
diuron. 
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In  the  2-year  rat  study,  rats  were  given  diets  con- 
taining 0,  25,  125,  250,  or  2,500  ppm  diuron.  The 
investigators  attributed  the  high  mortality  to  an  epi- 
demic of  pneumonitis-peritonitis.  The  highest  dose 
depressed  growth.  Increased  mortality  was 
observed  at  the  2,500-  and  250-ppm  level  in  males 
given  diuron.  During  pathology  examinations,  the 
authors  noted  slight  anemia,  enlarged  spleens, 
increased  erythrogenic  activity  in  bone  marrow,  and 
abnormal  blood  pigments  in  the  blood  of  groups  fed 
125  ppm  or  more.  The  NOEL  was  25  ppm  (1.25 
mg/kg/day)  in  rats.  No  evidence  of  tumorigenicity 
was  found.  However,  although  this  study  is  accepted 
as  a  chronic  toxicity  study,  it  is  of  only  supplemental 
value  as  an  oncogenicity  test  because  limited  pathol- 
ogy did  not  include  all  rats  that  died  during  the  study 
or  all  rats  sacrificed  at  the  end  of  the  study  (EPA 
1983). 

A  2-year  feeding  study  in  dogs  was  conducted  at 
levels  of  0,  25,  125,  250,  and  1,250  ppm  in  the  diet. 
The  highest  dose  caused  weight  loss,  depressed  red 
blood  cell  counts,  erythrogenic  activity  in  bone  mar- 
row, elevated  liver  weight,  and  increased  pigment 
disposition  in  liver  cells.  Also,  abnormal  pigments 
were  found  in  the  blood  of  males  at  levels  higher 
than  25  ppm  and  females  at  levels  higher  than  125 
ppm.  Slightly  decreased  hematological  values  were 
seen  in  the  125-ppm  group,  but  they  were  statisti- 
cally significant  only  in  the  red  blood  cell  count  in 
male  dogs.  No  other  abnormal  effects  were  noted 
with  respect  to  hematology,  urine  biochemistry,  or 
histology.  No  evidence  of  tumorigenicity  was  found 
(EPA  1983).  Therefore,  the  NOEL  in  dogs  is  25  ppm 
(0.625  mg/kg/day)  (EPA  1983). 


Reproductive  and  Developmental  Toxicity.  In  a  tera- 
tology study,  rats  were  administered  80  percent  diu- 
ron by  gavage  from  the  6th  through  the  15th  day  of 
pregnancy.  The  dose  levels  were  0, 1 25, 250,  and  500 
mg/kg/day.  Some  abnormalities  were  observed  at  all 
treatment  levels.  Among  these  were  wavy  ribs,  ster- 
noschisis,  and  delayed  calvarium  ossification,  all  of 
which  could  result  from  fetal  toxicity.  Delayed  calva- 
rium ossification  found  in  one  rat  at  the  lowest  dose 
level,  1 25  mg/kg/day,  was  of  borderline  significance 
(EPA  1983).  No  teratogenic  effects  were  observed, 
and  the  teratogenic  NOEL  was  reported  as  greater 
than  500  mg/kg  (EPA  1986). 

A  three-generation  rat  reproduction  study  involv- 
ing technical  diuron  resulted  in  body  weight  depres- 
sion in  the  F4b  and  F2a  litters,  but  this  was  not  con- 
sidered a  fetotoxic,  reproductive,  or  teratogenic 
effect  (EPA  1984).  A  reproductive  NOEL  of  greater 
than  125  ppm  active  ingredient  (6.25  mg/kg/day) 
(only  dose  tested)  was  established  (EPA  1984). 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Diuron  is  not  considered  to 
be  carcinogenic  in  this  risk  assessment  because 
studies  relating  to  diuron's  oncogenicity,  reviewed 
in  EPA  (1983  and  1987),  show  no  clear  evidence  that 
diuron  causes  tumor  growth. 

In  a  mouse  oncogenicity  study,  7-day-old  mice 
were  given  doses  of  464  mg/kg  diuron  by  intubation 
for4  weeks.  After  weaning,  they  weregiven  diets  con- 
taining 1,400  ppm  diuron  for  18  months.  The  study 
showed  no  positive  evidence  that  diuron  was  tumo- 
rigenic.  However,  because  this  study  was  a 
screening  study,  EPA  considered  it  to  be  of  limited 
value  for  making  final  decisions  (EPA  1983). 

EPA  (1983)  also  indicated  that  the  2-year  rat  and 
dog  feeding  studies,  previously  described  as 
chronic  studies,  have  only  supplemental  value  as  on- 
cogenicity studies.  Although  both  studies  found  no 
evidence  of  tumorigenicity,  the  limited  pathology 
information  provided  in  these  studies  does  not  meet 
EPA  requirements  for  oncogenicity.  Therefore,  EPA 
stated,  while  there  is  no  valid  evidence  that  diuron 
is  oncogenic,  there  is  insufficient  evidence  that  it  is 
not.  EPA  (1983)  has  requested  further  testing  of  rats 
and  anotherspeciesforoncogenicity.  Diuron  is  pres- 
ently placed  in  Group  D,  not  classifiable  as  to  human 
carcinogenicity  (EPA  1987).  Therefore,  diuron  was 
not  considered  carcinogenic  in  the  risk  assessment. 


Mutagenicity.  Diuron  showed  negative  results  in 
microbial  assays  for  gene  mutation,  DNA  damage  in 
a  Chinese  hamster  ovary  cell  forward  mutation  as- 
say, and  in  an  unscheduled  DNA  synthesis  assay  in 
rat  hepatocytes  (EPA  1987).  However,  in  an  in  vivo 
cytogenetic  assay  with  rats,  diuron  caused  clasto- 
genic  effects  (EPA  1987).  Ames  assays  using  five 
strains  of  bacteria  resulted  in  negative  findings  for 
mutagenicity  (EPA  1987).  However,  in  an  in  vivo 
cytogenetic  assay  with  rats,  diuron  caused  clasto- 
genic  effects  (EPA  1987).  Also,  positive  results  were 
reported  in  a  testicular  DNA  synthesis  inhibition 
assay  (EPA  1983).  EPA  (1983)  believed  the  results 
of  the  latter  test  to  be  cause  for  concern  because  it 
suggests  that  diuron  can  enter  the  testes,  and,  if 
shown  to  be  mutagenic,  diuron  may  produce  herit- 
able mutagenic  effects.  EPA  (1983)  has  therefore 
requested  additional  studies  for  chromosomal  aber- 
rations and  other  genotoxic  effects,  such  as  DNA 
damage  and  repair.  Because  of  the  uncertainty  in  the 
studies  and  EPA's  conclusion  about  possible  entry 
to  the  testes,  this  risk  assessment  concludes  that  diu- 
ron may  present  some  risk  of  human  heritable  muta- 
tions. 
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Data  Gaps 

The  diuron  science  chapters  (EPA  1983)  indicate 
that  acute  inhalation  (LC50),  dermal  sensitization, 
oncogenicity,  and  mutagenicity  studies  are  data 
gaps  for  diuron.  EPA  (1989)  indicates  that  an  addi- 
tional reproduction  study  in  rats  must  be  performed 
because  of  an  undetermined  NOEL  in  the  existing 
reproduction  study.  Also,  additional  rat  and  rabbit 
teratology  studies  must  be  submitted  for  diuron 
(EPA  1989). 

The  risk  assessment  assumes  that  diuron  may  be 
mutagenic  because  of  the  mutagenicity  data  gaps. 
The  lowest  NOEL  for  reproductive/developmental 
effects  used  in  the  risk  assessment  was  6.25  mg/kg/ 
day  from  a  three-generation  rat  reproduction  study; 
however,  because  this  dosage  level  was  the  only 
dose  tested,  EPA  (1989)  has  requested  that  an  addi- 
tional study  be  performed. 


Glyphosate 


Toxic  Effects  Seen  in  Humans 

No  data  for  human  toxicity  from  glyphosate  are 
available  in  the  current  literature.  A  reference  dose 
for  chronic  oral  exposure  was  established  at  0.1  mg/ 
kg/day,  based  on  a  reproductive  NOEL  of  10  mg/kg/ 
day  with  an  applied  uncertainty  factor  of  100  for 
intra-  and  inter-species  variations  (EPA  1989). 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Glyphosate  can  be 
classified  as  a  slightly  toxic  chemical,  based  on  an 
oral  LD50  of  4,320  mg/kg  in  rats  and  an  acute  dermal 
LD50  of  greater  than  5,010  mg/kg  in  rabbits  (EPA 
1986a).  In  primary  irritation  studies  with  rabbits,  gly- 
phosate was  a  slight  eye  irritant  and  a  very  slight  skin 
irritant  (EPA  1986a). 


Subchronic  and  Chronic  Toxicity.  A  26-month  oral 
toxicity  study  with  rats  established  a  NOEL  of  31 
mg/kg/day,  the  highest  dose  tested.  EPA  (1988) 
gave  this  study  a  "minimum"  rating. 

A  90-day  oral  toxicity  study  in  mice  established  a 
NOEL  of  1,500  mg/kg/day,  with  reduced  body 
weight  gain  at  the  lowest  effect  level  of  7,500  mg/kg/ 
day.  EPA  (1988)  gave  this  study  a  "supplementary" 
rating. 

A  1-year  oral  toxicity  study  in  dogs  revealed  no 
effects  at  the  highest  dose  tested  of  500  mg/kg/day. 
EPA  (1988)  gave  this  study  a  "guideline"  rating. 


Reproductive  and  Developmental  Toxicity.  A  three- 
generation  reproduction  study  with  rats  established 
a  NOEL  of  10  mg/kg/day  (EPA  1988).  At  the  lowest 
effect  level  of  30  mg/kg/day,  increased  incidence  of 
renal  tubular  dilation  was  observed  in  pups.  Tera- 
tology studies  established  NOELs  of  greater  than 
3,500  mg/kg/day  in  rats  and  350  mg/kg/day  in  rab- 
bits (EPA  1988).  EPA  (1988)  gave  the  reproduction 
study  and  the  two  teratology  studies  a  "minimum" 
rating. 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  A  26-month  rat  feeding 
study  found  no  oncogenic  effects  at  doses  up  to  31 
mg/kg/day  (EPA  1986a).  However,  the  EPA  rating  of 
this  study  was  downgraded  to  "supplementary" 
because  the  maximum-tolerated  dose  was  not 
reached  (EPA  1986b).  Benign  kidney  tumors  (renal 
tubular  adenomas)  were  found  at  the  highest  dose 
level  (30,000  ppm)  in  a  2-year  mouse  feeding  study; 
however,  the  findings  were  equivocal  (EPA  1986b). 
The  EPA  Science  Advisory  Panel  reviewed  all  rele- 
vant data,  concluded  that  the  oncogenic  potential  of 
glyphosate  could  not  be  determined  from  existing 
data,  and  proposed  that  the  study  be  repeated  to  clar- 
ify these  equivocal  findings  (EPA  1986b).  Because 
of  the  uncertainty  about  the  carcinogenicity  of  gly- 
phosate, a  cancer  risk  analysis  was  conducted  in  this 
risk  assessment. 

A  carcinogenic  nitrogen  derivative  of  glyphosate, 
N-nitrosoglyphosate  (NNG),  is  not  considered  a 
potential  human  hazard  here  because  NNG  is  not 
likely  to  form  in  soils  at  the  application  rates  used 
in  forestry.  Details  on  NNG  are  presented  in  the  Sup- 
plement to  the  Western  Oregon  Program  Environ- 
mental Impact  Statement:  Management  of  Compet- 
ing Vegetation  (USDI  1986). 


Cancer  Potency.  Glyphosate's  cancer  potency  was 
based  on  the  rate  of  kidney  tumor  formation  in  male 
mice  in  the  2-year  feeding  study  described  above 
(EPA  1985).  The  upper  95-percent  limit  of  the  cancer 
potency  of  glyphosate  calculated  from  the  kidney 
tumor  data  was  2.4  x  10"5  per  mg/kg/day. 


Mutagenicity.  Glyphosate  was  nonmutagenic  in 
microbial  assays  for  gene  mutation  and  primary 
DNA  damage  and  was  nonmutagenic  in  mammalian 
cell  assay  systems,  both  in  vitro  and  in  vivo  (EPA 
1986a).  There  is  no  evidence  to  indicate  that  it  is 
mutagenic. 
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Data  Gaps 

According  to  EPA  (1989),  oncogenicity  studies 
are  required  with  rats  and  mice  for  glyphosate.  Al- 
though such  studies  were  submitted  previously, 
EPA  has  requested  additional  studies  because  of 
equivocal  evidence  of  oncogenicity  in  the  mouse 
study  and  the  rat  study's  supplementary  rating. 


Hexazinone 


Toxic  Effects  Seen  in  Humans 

EPA  established  a  reference  dose  of  0.033  mg/kg/ 
day  for  chronic  oral  exposure  based  on  a  2-year  oral 
rat  toxicity  with  a  NOEL  of  10  mg/kg/day  (EPA 
1989).  An  uncertainty  factor  of  300  was  used  to 
derive  the  RfD. 

The  Pesticide  Incident  Monitoring  System  data 
base  (EPA  1981,  as  cited  in  EPA  1987)  indicated  that 
3  of  43,729  incident  reports  involved  hexazinone. 
Only  one  report  cited  exposure  to  hexazinone  alone, 
with  no  other  compounds  involved.  A  26-year-old 
woman  inhaled  hexazinone  dust.  Vomiting  occurred 
within  24  hours.  No  other  effects  were  reported  and 
no  treatment  was  administered.  No  concentration 
was  specified  for  this  incident. 


Acute  and  Subacute  Toxicity.  Hexazinone  is  classi- 
fied as  slightly  toxic  based  on  the  acute  oral  LD50 
of  1,690  mg/kg  and  the  acute  dermal  LD50  of  5,278 
mg/kg  (EPA  1986).  Acute  toxicity  effects  include  pal- 
lor, salivation,  nose  bleeds,  dyspnea,  lethargy,  trem- 
ors, and  convulsions  (USDA 1984).  Although  hexaz- 
inone is  a  very  slight  skin  irritant,  it  is  classified  as 
a  severe  eye  irritant  (EPA  1988). 


Subchronic  and  Chronic  Toxicity.  In  a  90-day  rat 
feeding  study,  the  only  observed  effect  was  reduced 
body  weight  gain  at  a  dosage  of  250  mg/kg/day 
(HDT)  (EPA  1988).  Slight  liver  effects  and  reduced 
body  weight  gain  were  noted  in  dogs  at  125  mg/kg/ 
day  in  a  3-month  feeding  study  (EPA  1988). 

A  NOEL  of  30  mg/kg/day  was  established  in  a 
2-year  oral  toxicity  study  in  mice.  Toxic  effects 
observed  during  the  mouse  study  included 
increased  liver  size,  a  localized  increase  in  size  and 
number  of  liver  cells,  and  localized  tissue  degener- 
ation at  the  lowest  effect  level  (LEL)  of  375  mg/kg/ 
day  (EPA  1986).  A  2-year  oral  toxicity  study  in  rats 
established  a  NOEL  of  10  mg/kg/day.  Effects 
observed  in  rats  included  reduced  body  weight  gain, 
decreased  food  consumption,  increased  leukocyte 
counts,  and  excretion  of  a  more  alkaline  urine  (EPA 
1988). 


Reproductive  and  Developmental  Toxicity.  In  a 

three-generation  reproduction  study,  no  effects  on 
reproduction  performance  or  lactation  were  ob- 
served in  rats  at  the  highest  dose  (125  mg/kg/day); 
however,  the  average  body  weight  of  pups  at  wean- 
ing was  slightly  lower  at  this  dosage  level  (EPA 
1988).  Thus,  the  reproductive  NOEL  was  established 
at  1 25  mg/kg/day,  and  the  fetotoxic  NOEL  was  estab- 
lished at  50  mg/kg/day.  In  rat  teratology  study,  preg- 
nant rats  were  fed  hexazinone  by  gavage  once  daily 
on  days  7  to  16  of  gestations.  Doses  of  0,  40,  100, 
400,  and  900  mg/kg/day  were  administered.  Based 
on  decreased  female  fetal  weight,  marginally 
increased  kidney  anomalies,  and  an  increase  in  unos- 
sified  sternebrae  in  fetuses,  a  teratogenic  NOEL  of 
100  mg/kg/day  was  established  (EPA  1988).  How- 
ever, in  another  rat  teratology  study,  no  developmen- 
tal effects  were  observed  up  to  250  mg/kg/day,  the 
highest  dose  tested  (EPA  1988).  Similarly,  no  terato- 
genic effects  were  observed  in  rabbits  at  125  mg/kg/ 
day  (HDT)  in  a  teratology  study  (EPA  1988). 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Available  evidence  indi- 
cates that  hexazinone  is  not  carcinogenic.  In  2-year 
mouse  and  rat  feeding  studies,  no  oncogenic  effects 
of  hexazinone  were  observed  at  any  of  the  doses 
tested  (10,  50,  and  125  mg/kg/day  in  rats  and  at  the 
testing  levels  of  30,  375,  and  1,500  mg/kg/day  in 
mice)  (USDA  1984,  EPA  1986).  Hexazinone  is  con- 
sidered nononcogenic  for  this  risk  assessment. 


Mutagenicity.  Hexazinone  was  nonmutagenic  in 
Ames  assays,  in  an  in  vitro  mammalian  point  muta- 
tion assay,  in  an  assay  of  unscheduled  DNA  repair 
synthesis  in  mammalian  somatic  cells,  and  in  an  in 
vivo  mammalian  cytogenetic  assay  (EPA  1986, 
USDA  1984).  Hexazinone  induced  chromosome 
damage  in  an  in  vitro  cytogenetic  assay  with  Chi- 
nese hamster  ovary  cells  both  with  and  without  met- 
abolic activation  (EPA  1986).  However,  this  effect 
was  observed  only  at  very  high  levels.  Based  on 
these  results,  hexazinone  is  considered  nonmuta- 
genic to  humans  for  this  risk  assessment. 


Data  Gaps 

According  to  EPA  (1989),  a  chronic  dog  study  is 
the  only  existing  data  gap  for  hexazinone.  However, 
EPA  (1988)  also  lists  acute  oral,  acute  dermal,  and 
acute  inhalation  studies  as  partial  data  gaps  and  a 
21 -day  dermal  study  as  a  data  gap. 
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Imazapyr 


Health  Effects  Seen  in  Humans 

No  EPA  reference  dose  has  been  established  for 
imazapyr. 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  an  acute 
oral  LD50  of  greater  than  5,000  rng/kg  in  rats, 
imazapyr  is  considered  very  slightly  toxic  to  mam- 
mals (EPA  1985).  The  acute  dermal  LD50  of  imazapyr 
is  greater  than  2,000  mg/kg  body  weight  in  both  rats 
and  rabbits  (EPA  1985,  American  Cyanamid  1985). 
In  primary  irritation  studies,  imazapyr  was  slightly 
irritating  to  the  eyes  and  very  slightly  irritating  to  rab- 
bits' skin.  A  dermal  sensitization  test  was  negative 
in  guinea  pigs.  A  21-day  dermal  study  in  rabbits 
showed  no  signs  of  systemic  toxicity  at  400  mg/kg/ 
day  (EPA  1985). 


Subchronic  and  Chronic  Toxicity.  American  Cya- 
namid (1985)  reported  a  13-week  rat  feeding  study 
that  established  a  NOEL  of  500  mg/kg/day  (HDT). 


Reproductive  and  Developmental  Toxicity.  A  mater- 
nal toxic  NOEL  of  300  mg/kg/day  was  established 
in  a  rat  teratology  study  based  on  salivation  at  1,000 
mg/kg/day  (EPA  1985,  American  Cyanamid  1985); 
however,  no  teratogenic  or  fetotoxic  effects  were 
observed  in  rats  at  1,000  mg/kg  (the  highest  dose 
tested).  In  addition,  no  effects  were  observed  at  a 
dosage  level  of  400  mg/kg/day  in  a  rabbit  teratology 
study  (EPA  1985,  American  Cyanamid  1985). 


Nonthreshold  Effects  in  Laboratory 
Animals 


tion  mammalian  germ  cell  test)  (American  Cya- 
namid 1985, 1986).  Based  on  these  results,  imazapyr 
is  determined  to  be  nonmutagenic  for  this  risk 
assessment. 


Data  Gaps 

Although  no  evaluation  of  the  EPA  data  base  for 
imazapyr  is  currently  available,  data  gaps  for 
imazapyr  appear  to  include  a  reproduction  study  in 
rats  and  chronic  oral  toxicity  studies  in  rats  and 
dogs. 

The  NOEL  established  in  a  13-week  oral  toxicity 
study  was  used  as  the  systemic  NOEL  in  this  risk 
assessment.  The  reproductive  NOEL  used  in  this 
risk  assessment  was  established  in  a  rabbit  teratol- 
ogy study. 


Mefluidide 


Toxic  Effects  Seen  in  Humans 

No  human  toxicity  data  on  mefluidide  were  avail- 
able in  the  literature. 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  an  acute 
oral  LD50  of  greater  than  4,000  mg/kg  for  rats  and 
1,920  mg/kg  for  mice  (WSSA  1983),  mefluidide  is 
classified  as  slightly  toxic.  The  acute  inhalation  LC50 
for  rats  was  found  to  be  greater  than  8.5  mg/L/4 
hou  rs  (WSSA  1 983) .  The  dermal  LD50  for  rabbits  was 
found  to  be  greater  than  4,000  mg/kg  (WSSA  1983). 
A  primary  dermal  irritation  study  in  rabbits  showed 
that  mefluidide  produced  no  irritation  to  either 
abraded  or  unabraded  skin  (WSSA  1983).  A  primary 
eye  irritation  study  revealed  that  mefluidide  caused 
minimal  irritation  in  rabbits  (3M  1987). 


Carcinogenicity  Studies.  No  evidence  of  carcinoge- 
nicity was  observed  within  the  first  12  months  of  a 
chronic  feeding/oncogenicity  study  in  rats  at  the 
highest  dosage  level  of  500  mg/kg/day,  the  highest 
dose  tested  (Biodynamics,  Inc.,  undated).  Further 
study  results  must  be  obtained  before  the  carcino- 
genic potential  of  imazapyr  can  be  determined. 


Mutagenicity.  Imazapyr  was  nonmutagenic  in  the 
Ames  bacterial  assays  (with  and  without  metabolic 
activation),  the  dominant  lethal  mouse  assay,  a  Chi- 
nese hamster  ovary  in  vitro  cytogenetic  assay,  an 
unscheduled  DNA  repair  synthesis  test,  and  the  Chi- 
nese hamster  ovary  cell  HGPRT  assay  (gene  muta- 


Subchronic  and  Chronic  Toxicity.  Subchronic  oral 
toxicity  tests  with  mefluidide  were  carried  out  in  rats 
and  dogs.  Ninety-day  dietary  feeding  studies  in 
these  animals  established  a  systemic  NOEL  of  6,000 
ppm  (300  mg/kg/day)  for  rats  and  1,000  ppm  (25 
mg/kg/day)  for  dogs  (WSSA  1983). 

Chronic  toxicity  tests  with  mefluidide  were  carried 
out  in  mice,  rats,  and  dogs.  In  mouse  18-month  and 
rat  2-year  dietary  feeding  studies,  groups  of  mice 
and  rats  were  fed  0,  600, 1 ,800,  or  6,000  ppm  meflui- 
dide in  their  diets  (EPA  1988).  These  studies  yielded 
a  systemic  NOEL  of  600  ppm  (90  mg/kg/day)  for 
mice  and  600  ppm  (30  mg/kg/day)  for  rats. 
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In  a  1-year  feeding  study,  dogs  were  fed  meflui- 
dide  at  the  dietary  levels  of  0,  60,  600,  or  6,000  ppm 
(EPA  1988).  Dogs  in  the600-ppm  group  showed  cor- 
tical nephrosis.  Based  on  this  adverse  effect,  EPA 
(1988)  established  a  NOEL  of  60  ppm  (1.5  mg/kg/ 
day)  for  mefluidide. 


with  a  NOEL  of  25  mg/kg/day  (EPA  1989).  An  uncer- 
tainty factor  of  1 00  was  applied  to  the  NOEL  to  derive 
the  RfD. 


Threshold  Effects  in  Laboratory  Animals 


Reproductive  and  Developmental  Toxicity.  A  three- 
generation  reproduction  study  with  mefluidide  was 
conducted  in  rats  (EPA  1988).  The  pups  in  the 
6,000-ppm  group  showed  reduced  body  weight,  liver 
weight,  and  spleen  weight.  Based  on  these  adverse 
effects,  EPA  established  a  reproductive  NOEL  of 
1,800  ppm  (90  mg/kg/day)  for  mefluidide. 

Teratogenicity  studies  with  mefluidide  were  car- 
ried out  in  rabbits  and  rats  (EPA  1988).  These  studies 
established  a  teratogenic  NOEL  of  greater  than  60 
mg/kg/day  (the  highest  dose  tested)  for  both  rabbits 
and  rats. 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Available  data  do  not  indi- 
cate that  mefluidide  is  carcinogenic.  In  the  mouse 
18-month  and  rat  2-year  dietary  feeding/carcin- 
ogenicity  studies  described  above,  carcinogenic 
effects  were  not  found  at  dose  levels  up  to  6,000  ppm 
(900  mg/kg/day)  for  mice  and  6,000  ppm  (300  mg/kg/ 
day)  for  rats  (EPA  1988). 


Mutagenicity.  Mefluidide  was  nonmutagenic  in  the 
following  six  assays  that  EPA  (1988)  reported  in  the 
tox  one-liner  on  mefluidide:  three  Ames  bacterial 
assays,  DNA  damage/repair  assay,  lymphoma  muta- 
tion assay,  and  sister  chromatid  exchange  assay. 


Data  Gaps 

No  evaluation  of  the  EPA  data  base  for  mefluidide 
is  currently  available.  Based  on  review  of  the  EPA 
(1988)  tox  one-liner,  there  do  not  appear  to  be  any 
existing  data  gaps  to  fulfill  the  registration  require- 
ments of  this  herbicide. 


Metsulfuron  Methyl 


Toxic  Effects  Seen  in  Humans 

EPA  established  a  reference  dose  (RfD)  for  met- 
sulfuron methyl  of  0.25  mg/kg/day  for  chronic  oral 
exposure  based  on  a  2-year  oral  toxicity  study  in  rats 


Acute  and  Subacute  Toxicity.  Based  on  an  acute 
oral  LD50  of  greater  than  5,000  mg/kg  in  rats  (EPA 
1988b),  metsulfuron  methyl  is  classified  as  very 
slightly  toxic.  The  acute  dermal  LD50  for  rabbits  was 
found  to  be  greater  than  2,000  mg/kg,  and  a  primary 
dermal  irritation  study  showed  that  metsulfuron 
methyl  (70  percent  formulation)  was  moderately  irri- 
tating in  rabbits  (EPA  1988b).  The  acute  inhalation 
LC50  for  rats  was  found  to  be  greater  than  5.0  mg/L/4 
hours  (Du  Pont  1984).  In  a  primary  eye  irritation 
study  in  rabbits,  instillation  of  metsulfuron  methyl 
into  rabbits'  eyes  induced  slight  corneal  clouding, 
moderate  iritis,  and  severe  to  moderate  conjuncti- 
vitis in  unwashed  eyes  (Du  Pont  1984).  All  effects 
were  reversed  within  14  days. 


Subchronic  and  Chronic  Toxicity.  Subchronic  oral 
toxicity  tests  with  metsulfuron  methyl  were  carried 
out  in  rats  and  dogs.  A  90-day  feeding  study  in  rats 
established  a  systemic  NOEL  of  1,000  ppm  (50 
mg/kg/day),  based  on  a  reduction  in  body  weight 
gains  and  serum  protein  in  the  7,500-ppm  group 
(EPA  1988b).  A  90-day  feeding  study  in  dogs 
resulted  in  a  systemic  NOEL  of  greater  than  5,000 
ppm  (125  mg/kg/day),  the  highest  dose  tested  (Du 
Pont  1984). 

Chronic  oral  toxicity  tests  with  metsulfuron 
methyl  were  carried  out  in  rats,  mice,  and  dogs. 
Groups  of  rats  and  mice  were  fed  0,  5,  25,  500,  or 
5,000-ppm  metsulfuron  methyl  in  the  diet  for  2  years 
and  1 8  months,  respectively  (EPA  1988b).  Rats  in  the 
5,000-ppm  group  showed  a  reduction  in  body  weight 
gains.  Based  on  this  adverse  effect  in  rats,  EPA  estab- 
lished a  systemic  NOEL  of  500  ppm  (25  mg/kg/day) 
for  metsulfuron  methyl.  In  the  mouse  study,  the  sys- 
temic NOEL  was  determined  to  be  greater  than  5,000 
ppm  (750  mg/kg/day),  the  highest  dose  tested.  EPA 
(1988b)  gave  this  2-year  feeding  study  in  micea"sup- 
plementary"  rating  because  of  an  equivocal  maxi- 
mum tolerated  dose  in  the  mouse  study.  In  a  1-year 
feeding  study,  dogs  were  fed  metsulfuron  methyl  at 
dietary  levels  of  0, 50, 500  or  5,000  ppm  (EPA  1 988b). 
This  study  established  a  systemic  NOEL  of  50  ppm 
(1.25  mg/kg/day)  for  metsulfuron  methyl,  based  on 
a  reduction  in  serum  lactate  dehydrogenase  activity 
in  the  500-ppm  group. 


Reproductive  and  Developmental  Toxicity.  In  a  two- 
generation  rat  reproduction  study,  in  which  rats 
were  fed  0,  25,  500,  or  5,000  ppm  metsulfuron 
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methyl,  both  the  reproductive  and  fetotoxic  NOELs 
were  determined  to  be  greater  than  5,000  ppm  (250 
mg/kg/day)  (EPA  1988b).  This  study  resulted  in  a 
maternal  NOEL  of  500  ppm  (25  mg/kg/day),  based 
on  a  reduction  in  body  weight  gains  in  the  5,000-ppm 
group. 

Teratogenicity  tests  with  metsulfuron  methyl  were 
carried  out  in  rats  and  rabbits.  A  rat  teratogenicity 
study  established  a  fetotoxic  and  teratogenic  NOEL 
of  1,000  mg/kg/day,  the  highest  dose  tested  (Du 
Pont  1984).  In  a  rabbit  teratogenicity  study,  a  feto- 
toxic and  teratogenic  NOEL  of  700  mg/kg/day  (the 
highest  dose  test)  was  reported,  as  well  as  a  mater- 
nal NOEL  of  25  mg/kg/day  (EPA  1988b). 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Available  data  do  not  indi- 
cate that  metsulfuron  methyl  is  carcinogenic.  In  the 
mouse  18-month  and  rat  2-year  feeding/carcin- 
ogenicity  studies,  carcinogenic  effects  were  not 
observed  at  dose  levels  up  to  5,000  ppm  (750  mg/kg/ 
day)  for  mice  and  5,000  ppm  (250  mg/kg/day)  for 
rats  (EPA  1988b).  Based  on  EPA's  Integrated  Risk 
Information  System  (EPA  1988a),  EPA  has  not  eval- 
uated this  chemical  for  evidence  of  human  carcino- 
genic potential. 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  With  an  acute  oral 
LD5o  of  4,012  mg/kg  in  female  rats  (EPA  1988a),  pic- 
loram  is  classified  as  slightly  toxic.  Slight  eye  and 
very  slight  skin  irritation  was  observed  in  primary 
eye  and  primary  dermal  irritation  studies  using  rab- 
bits (EPA  1988a).  The  acute  dermal  LD50  is  greater 
than  2,000  mg/kg. 


Subchronic  and  Chronic  Toxicity.  A  6-month  dog 
feeding  study,  during  which  test  animals  were 
exposed  to  picloram  at  the  dietary  levels  of  0,  7,  35, 
and  175  mg/kg/day,  resulted  in  a  subchronic  NOEL 
of  7  mg/kg/day  (Barna-Lloyd  et  al.  1982,  as  cited  in 
Mullison  1985;  EPA  1988a).  Increased  liver  weights 
were  reported  at  the  lowest  effect  level  of  35  mg/kg/ 
day  in  males.  Another  subchronic  feeding  study 
resulted  in  slight  liver  effects  at  150  mg/kg/day  in 
rats  (EPA  1988a). 

In  a  recent  2-year  chronic  toxicity/oncogenicity 
study  reported  by  Dow  (1987),  rats  fed  20  mg/kg/day 
showed  no  treatment-related  effects.  Rats  given  60 
and  200  mg/kg/day  exhibited  increased  size  and 
altered  properties  of  liver  cells.  No  other  chronic 
feeding  studies  have  been  reported;  EPA  has 
requested  a  chronic  nonrodent  feeding  study  for  pic- 
loram (EPA  1988a). 


Mutagenicity.  Metsulfuron  methyl  was  nonmuta- 
genic  in  an  Ames  bacterial  assay,  a  Chinese  hamster 
ovary  cell  assay,  a  DNA  rat  liver  repair  assay,  and 
an  in  vivo  rat  bone  marrow  cytogenetic  assay.  How- 
ever, the  herbicide  was  mutagenic  in  an  in  vitro  Chi- 
nese hamster  ovary  cell  cytogenetic  assay  (Du  Pont 
1984).  Therefore,  metsulfuron  methyl  is  not  consid- 
ered to  be  a  potential  human  mutagen  in  this  risk 
assessment. 


Data  Gaps 

EPA  (1988a,  1989)  reported  that  there  are  no  data 
gaps  for  metsulfuron  methyl. 


Picloram 


Toxic  Effects  Seen  in  Humans 

EPA  established  a  reference  dose  of  0.07  mg/kg/ 
day,  based  on  a  6-month  oral  dog  study  with  a  NOEL 
of  7  mg/kg/day  and  an  uncertainty  factor  of  100 
(EPA  1989). 


Reproductive  and  Developmental  Toxicity.  A  three- 
generation  rat  reproduction  study  resulted  in  a 
NOEL  of  50  mg/kg/day,  based  on  reduced  fertility 
at  the  highest  dose  tested  of  150  mg/kg/day  (EPA 
1988b).  In  a  rat  teratology  study,  maternal  toxicity 
was  observed  at  750  mg/kg  (EPA  1988a).  Some  feto- 
toxicity  (delayed  bone  ossification)  was  also  noted 
in  thisstudy.  However,  nofetotoxic  NOEL  was  deter- 
mined and  EPA  has  requested  a  repeat  teratology 
in  rats  (EPA  1988a).  No  dose-related  embryotoxic  or 
teratogenic  responses  were  observed  in  rabbits 
given  doses  of  picloram  of  up  to  400  mg/kg/day 
(John-Greene  et  al.  1985). 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Picloram  was  not  onco- 
genic in  mice  at  a  dose  of  750  mg/kg/day  (HDT) 
(EPA  1988b).  However,  the  herbicide  was  weakly 
oncogenic  in  female  rats  at  a  dosage  of  744  mg/kg/ 
day  (HDT),  based  on  the  incidence  of  hepatic  nod- 
ules in  the  liver  (EPA  1988b).  The  oncogenic  NOEL 
for  this  study  was  established  to  be  372  mg/kg/day. 
Although  EPA  (1988b)  rated  the  study  as  "supple- 
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entary"  and  placed  picloram  on  the  Group  D  onco- 
gen list  (not  classifiable  as  to  human  carcinogenic- 
ity) (EPA  1988a),  the  herbicide  is  considered  onco- 
genic in  this  risk  assessment.  The  cancer  potency 
value  used  in  the  analysis  is  0.003  per  (mg/kg/day) 
(EPA  1988b). 


Mutagenicity.  Picloram  was  nonmutagenic  in  an 
Ames  assay  (with  and  without  activation),  a  cytoge- 
netic bone  marrow  study  with  rats,  an  assay  with  As- 
pergillus nidulans,  and  an  assay  with  Salmonella 
typhimirium  (EPA  1988b).  However,  picloram  was 
mutagenic  in  a  forward  mutation  assay  with  Strep- 
tomyces  coelicolor  (EPA  1988b,  CDFA  1986e). 
Thus,  based  on  the  available  evidence,  picloram  is 
considered  nonmutagenic  in  this  risk  assessment. 


Data  Gaps 

According  to  EPA  (1988a,  1989),  picloram  data 
gaps  exist  for  21  -day  dermal  rat  and  mouse  oncoge- 
nicity, teratology,  mutagenicity,  and  reproduction 
studies. 

The  reproductive  NOEL  in  this  risk  assessment 
was  taken  from  a  three-generation  rat  reproduction 
study;  however,  the  study  was  rated  "supple- 
mentary" by  EPA,  and  submission  of  an  additional 
study  is  required.  Picloram  is  considered  carcino- 
genic in  this  risk  assessment  because  of  liver  tumors 
produced  in  female  rats  (EPA  1988b).  Although 
oncogenicity  studies  with  rats  and  mice  were  pre- 
viously submitted,  EPA  has  requested  that  addi- 
tional studies  be  performed  because  of  the  "supple- 
mentary" ratings  of  the  previous  studies  (EPA  1988a, 
1989). 


Simazine 


Toxic  Effects  Seen  in  Humans 

EPA  (1989b)  has  established  a  reference  dose 
(RfD)  for  simazine  of  0.002  mg/kg/day  for  chronic 
oral  exposure,  based  on  a  2-year  dietary  oncogenic- 
ity study  with  a  NOEL  of  0.52  mg/kg/day  (10  ppm). 
An  uncertainty  factor  of  300  was  applied  to  the 
NOEL  to  derive  the  RfD. 

Yelizarov  (1977,  as  cited  in  EPA  1987a)  noted  124 
cases  of  contact  dermatitis  in  the  Soviet  Union 
among  workers  manufacturing  simazine  and  propa- 
zine.  Mild  cases  lasting  3  or  4  days  involved  pale  pink 
erythema  and  slight  edema.  Serious  cases  lasting  7 
to  10  days  involved  greater  erythema  and  edema  and 
also  a  vesiculopapular  reaction  that  sometimes  pro- 
gressed to  the  formation  of  bullae. 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Based  on  the  acute 
oral  LD50  of  greaterthan  5,000  mg/kg/day  in  rats,  sim- 
azine is  classified  as  very  slightly  toxic  (EPA  1987b). 
Based  on  available  data,  EPA  has  classified  simazine 
as  moderately  toxic  for  acute  inhalation  toxicity 
(EPA  1 987b).  A  primary  eye  irritation  study  with  sim- 
azine produced  only  a  transient  inflammation  of  the 
conjunctiva  but  no  irritation  to  the  iris  or  cornea  in 
rabbits  (USDA  1984).  The  dermal  LD50  for  simazine 
was  established  to  be  greater  than  10,000  mg/kg 
(EPA  1 983).  A  21  -day  subacute  dermal  toxicity  study 
in  rabbits  at  doses  of  up  to  1,000  mg/kg/day  pro- 
duced no  systemic  toxicity  and  no  dose-related  alter- 
ations of  the  skin.  The  findings  of  this  study  indicate 
a  NOEL  of  more  than  1,000  mg/kg/day  (EPA  1983). 


Subchronic  and  Chronic  Toxicity.  In  a  3-week  rat 
feeding  study,  test  animals  were  given  dose  levels 
of  200,  2,000,  or  4,000  ppm  of  technical  simazine.  At 
the  lowest  dose  tested,  rats  exhibited  reduced  ery- 
throcyte and  leucocyte  counts  and  elevated  choles- 
terol and  inorganic  phosphate  levels.  The  maximum 
tolerated  dose  (MTD)  was  determined  to  be  less  than 
2,000  ppm  (100  mg/kg/day)  because  this  dose 
seriously  affected  the  nutrition  of  treated  rats.  The 
NOEL  was  less  than  200  ppm  (10  mg/kg/day)  (EPA 
1987b). 

In  a  3-week  dog  feeding  study,  beagles  were  given 
simazine  doses  of  200,  2,000,  or  4,000  ppm.  At  the 
2,000-ppm  (50  mg/kg/day)  level,  reduced  albumin 
levels,  increased  globulin  levels,  and  elevated  uri- 
nary specific  gravity  and  ketone  levels  were 
observed.  The  MTD  was  also  reported  as  less  than 
2,000  ppm  based  on  the  seriously  affected  nutrition 
of  treated  dogs.  The  NOEL  for  this  study  was  set  at 
200  ppm  (5  mg/kg/day)  (EPA  1987b). 

In  a  22-week  feeding  study  with  sheep,  adverse 
effects  were  observed  at  the  lowest  dose  tested,  1 .4 
mg/kg/day  (EPA  1987a).  However,  because  of  defi- 
ciencies in  the  study,  this  NOEL  was  not  used  as  the 
lowest  NOEL  to  determine  the  reference  dose.  A 
2-year  chronic  rat  feeding  study  showed  no  dose- 
related  pathological  changes  at  1-,  10-,  and  100-ppm 
dose  levels  (EPA  1983, 1987b).  Mortality  was  primar- 
ily the  result  of  respiratory  infections,  with  very  few 
males  in  test  and  control  groups  surviving  (EPA 
1983).  Histopathologic  evaluation  was  not  provided 
for  animals  that  died  during  the  study  (EPA  1983). 
The  systemic  NOEL  for  simazine  in  this  study  was 
greater  than  100  ppm  (5  mg/kg/day)  (EPA  1987b). 

A  2-year  chronic  dog  feeding  study  showed  no 
signs  of  toxicity  from  simazine  dosages  of  15,  150, 
and  1,500  ppm,  except  net  weight  loss  at  1,500  ppm 
and  lower  weight  gain  at  150  ppm  (EPA  1983). 
Weight  gain  differences  did  not  occur  during  the 
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second  half  of  the  study.  The  ages  of  individual  dogs 
used  in  the  study  and  individual  observation  records 
were  lacking.  Chronic  toxicity  could  not  be  deter- 
mined from  this  study  (EPA  1983). 


Reproductive  and  Developmental  Toxicity.  In  a  rab- 
bit teratology  study,  New  Zealand  white  rabbits  were 
administered  5,  75,  or  200  mg/kg/day  simazine  by 
gavage.  Doses  at  the  75-mg/kg/day  level  caused 
tremors,  abortions,  and  decreased  body  weight  gain 
and  food  consumption.  At  the  200-mg/kg/day  level, 
reduced  mean  fetal  weight  and  increased  skeletal 
variations  were  observed.  No  teratogenic  effects 
were  noted  at  the  highest  dose  tested  (200  mg/kg/ 
day).  The  NOELs  reported  for  this  study  were  as  fol- 
lows: 5  mg/kg/day  for  maternal  effects,  75  mg/kg/ 
day  for  fetotoxic  effects,  and  greater  than  200 
mg/kg/day  for  teratogenic  effects  (EPA  1987b). 

In  a  three-generation  reproduction  study,  sima- 
zine had  no  adverse  effects  on  reproductive  perfor- 
mance in  rats  at  a  dietary  level  of  100  ppm.  The  find- 
ings of  this  study  indicate  a  NOEL  of  greater  than 
100  ppm  (5  mg/kg/day)  (EPA  1983). 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  In  a  two-year  dietary 
oncogenicity  study,  rats  were  tested  at  0,  10,  100, 
and  1000  mg/kg  doses.  A  significant  increase  in 
mammary  gland  carcinomas  was  observed  in 
females  at  100  and  1000  mg/kg,  while  an  increased 
incidence  of  liver  tumors  was  noticed  in  males  at  the 
same  doses  (EPA  1989a).  Although  a  ninety-five 
week  oncogenicity  feeding  study  in  mice  found  no 
significant  increase  in  tumors  up  to  and  including 
the  highest  dose  of  4000  mg/kg,  EPA  has  concluded 
that  the  weight  of  evidence  suggests  a  possible  onco- 
genic potential  for  simazine  (EPA  1989a).  Conse- 
quently, simazine  has  been  classified  as  a  possible 
human  carcinogen  by  EPA,  and  accordingly,  the  her- 
bicide is  considered  to  be  carcinogenic  in  this  risk 
assessment.  The  cancer  potency  value  used  in  this 
risk  analysis,  calculated  from  the  rat  two-year  study, 
is  0.083  per  mg/kg/day. 


Mutagenicity.  In  studies  reviewed  by  EPA  (1987a, 
1989a)  simazine  was  nonmutagenic  in  microbial 
assays  with  Salmonella  typhimurium,  Escherichia 
coli,  Bacillus  subtilis,  Serratia  marcescens,  and  Sac- 
charomyces  cerevisiae.  Simazine  induced  lethal 
mutations  in  a  sex-linked  recessive  lethal  test  with 
Drosophila  melanogaster  (fruitflies)  and  also 
increased  x-linked  lethal  with  male  D.  melanogaster 
(EPA  1987a).  In  addition,  simazine  tested  positive  in 


an  unscheduled  DNA  synthesis  assay  with  human 
lung  fibroblasts  (EPA  1987a)  and  in  a  mouse  lym- 
phoma assay  (EPA  1989a).  However,  a  similar  study 
with  human  lung  fibroblasts  (EPA  1987a)  and  an 
unscheduled  DNA  synthesis  assay  with  rat  hepato- 
cytes  (CDFA  1986f)  showed  negative  responses.  Fi- 
nally, simazine  did  not  produce  chromosomal 
effects  in  a  sister-chromatid  exchange  test  (EPA 
1987a).  The  available  evidence  thus  indicates  that 
simazine  may  have  some  genotoxic  potential  (EPA 
1989a)  and  is  considered  mutagenic  in  this  risk 
assessment. 


Data  Gaps 

EPA  (1989b)  considers  rat  reproduction  and  tera- 
tology studies  to  be  data  gaps  for  simazine.  Also, 
data  gaps  exist  for  mutagenicity  (EPA  1989). 


Sulfometuron  Methyl 


Toxic  Effects  Seen  in  Humans 

No  information  was  available  on  the  toxicity  of  sul- 
fometuron methyl  to  humans. 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  Sulfometuron  methyl 
is  very  slightly  toxic,  based  on  an  acute  oral  LD50  of 
greater  than  5,000  mg/kg  in  rats  (EPA  1984).  In  acute 
dermal  studies,  an  LD50  of  greater  than  2,000  mg/kg 
was  reported  (EPA  1984).  Reversible  eye  and  skin 
irritation  was  observed  in  primary  eye  and  primary 
dermal  irritation  studies  using  rabbits  (EPA  1984). 


Subchronic  and  Chronic  Toxicity.  A  90-day  rat  feed- 
ing study  established  a  systemic  NOEL  of  50  mg/kg/ 
day,  based  on  hematological  effects  observed  at  250 
mg/kg/day  (EPA  1984).  A  2-year  rat  feeding  study 
reported  by  Du  Pont  (1986)  established  a  systemic 
NOEL  of  2.5  mg/kg/day.  In  this  study,  hemolytic 
effects,  liver  toxicity,  and  decreased  brain  weights 
were  observed  at  250  mg/kg/day.  Hemolytic  effects 
and  liver  toxicity  were  also  observed  at  25  mg/kg/ 
day.  In  a  1 -year  dog  feeding  study,  a  systemic  NOEL 
of  5  mg/kg/day  was  reported  (EPA  1984).  Effects 
observed  in  dogs  included  decreased  number  of  red 
blood  cells  and  increased  liver  weight  at  25  mg/kg/ 
day. 


Reproductive  and  Developmental  Toxicity.  In  a  rat 

reproduction  study,  a  NOEL  of  25  mg/kg/day  was 


E3^7 


SECTION  E3  -  HUMAN  HEALTH  HAZARD  ANALYSIS 


established,  based  on  decreased  body  weights  and 
reduced  numbers  of  offspring  (Du  Pont  1986).  A  one- 
generation  rat  reproduction  study  resulted  in  the 
establishment  of  a  reproductive  NOEL  of  greater 
than  250  mg/kg/day  (HDT)  (EPA  1984).  A  rat  tera- 
tology feeding  study  reported  reduced  body  weight 
gain  at  250  mg/kg/day  and  maternal  and  fetotoxic 
NOELs  of  50  mg/kg/day  (EPA  1984).  No  teratogenic 
effects  were  observed  at  250  mg/kg/day,  the  highest 
dose  tested.  A  rabbit  teratology  study  was  negative 
for  teratogenic,  maternal,  and  fetotoxic  effects  at 
300  mg/kg,  the  HDT  (EPA  1984). 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  No  oncogenic  effects  were 
reported  from  a  2-year  rat  feeding  or  in  1-year 
chronic  dog  feeding  studies  (Du  Pont  1986).  Based 
on  these  data,  sulfometuron  methyl  is  not  consid- 
ered carcinogenic  for  this  risk  assessment. 


Mutagenicity.  Sulfometuron  methyl  was  nonmuta- 
genic  when  tested  in  an  activated  Salmonella  assay 
(bacteria  gene  mutation  test)  and  a  Chinese  hamster 
ovary  cell  assay  (mammalian  germ  cell  test)  (EPA 
1984).  Du  Pont  (1986)  also  reported  negative  results 
for  in  vitro  cytogenetic  and  unscheduled  DNA  syn- 
thesis assays  in  mammals.  Based  on  these  results, 
sulfometuron  methyl  is  considered  nonmutagenic 
for  this  risk  assessment. 


Data  Gaps 

EPA  has  not  yet  reviewed  the  data  gaps  for  sul- 
fometuron methyl.  Several  areas  were  identified  in 
researching  this  hazard  analysis  for  which  informa- 
tion was  unavailable.  These  data  gaps  include  an 
acute  rat  inhalation  study,  a  guinea  pig  dermal  sen- 
sitization study,  21 -day  dermal  study,  and  a  mouse 
oncogenicity  study.  However,  sufficient  data  were 
available  from  existing  information  to  conduct  a 
quantitative  risk  analysis. 


Tebuthiuron 


Toxic  Effects  Seen  in  Humans 

EPA  (1989)  established  a  reference  dose  of  0.07 
mg/kg/day  for  ch  ronic  oral  exposu  re  based  on  a  two- 
generation  reproduction  study  in  rats  with  a  NOEL 
of  5  mg/kg/day.  An  uncertainty  factor  of  approxi- 
mately 100  was  used  to  derive  the  RfD. 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  No  EPA-validated 
studies  exist  for  assessing  acute  oral  toxicity  of  tebu- 
thiuron (EPA  1987).  The  lowest  rat  acute  oral  LD50 
that  USDA  (1984)  reported  was  644  mg/kg.  Based 
on  this  study,  tebuthiuron  is  classified  as  slightly 
toxic.  Tebuthiuron  induced  slight  eye  irritation  in 
rabbits  but  no  skin  irritation  during  primary  eye  and 
primary  dermal  studies  (EPA  1986).  However,  tebu- 
thiuron induced  skin  irritation  in  an  acute  dermal 
study  with  rabbits  (EPA  1986).  The  LD50  for  this 
study  was  greater  than  200  mg/kg. 


Subchronic  and  Chronic  Toxicity.  A  systemic  NOEL 
of  12.5  mg/kg/day  was  established  in  a  3-month  dog 
feeding  study,  based  on  increased  thyroid  and 
spleen  weight  (EPA  1986).  Toxic  effects  in  other  sub- 
chronic  studies  included  growth  suppression  and 
pancreatic  lesions  at  1 25  mg/kg/day  in  rats  and  body 
weight  depression  at  37.5  mg/kg/day  in  cattle  (EPA 
1986). 

A  systemic  NOEL  of  25.0  mg/kg/day  was  estab- 
lished in  a  1-year  dog  feeding  study  (EPA  1987).  Ef- 
fects observed  at  50  mg/kg/day  (the  highest  dose 
tested)  included  increased  liver-to-body-weight 
ratios  in  both  sexes,  increased  kidney-to-body- 
weight  ratios  in  females,  and  increased  thyroid-to- 
body-weight  ratios  in  males.  In  addition,  signifi- 
cantly increased  liver  enzyme  levels  were  observed 
in  males  and  females  at  50  mg/kg/day. 

In  a  2-year  feeding  oncogenicity  study  in  rats,  a 
systemic  NOEL  was  established  at  20  mg/kg/day, 
based  on  growth  suppression  at  a  dosage  level  of 
40  mg/kg/day  (the  highest  dose  tested)(EPA  1986). 
A  2-year  feeding/oncogenicity  study  in  mice 
revealed  no  adverse  effects  at  the  highest  dose 
tested  of  240  mg/kg/day  (EPA  1986). 


Reproductive  and  Developmental  Toxicity.  In  a  two- 
generation  rat  reproduction  study,  first-generation 
female  rats  at  dosage  levels  of  10  and  20  mg/kg/day 
exhibited  a  lower  rate  of  body  weight  gain  as  com- 
pared to  the  concurrent  control  group.  No  other 
adverse  effects  were  observed  in  this  study.  Based 
on  these  results,  a  NOEL  for  reproductive  effects 
was  established  at  20  mg/kg/day  (the  highest  dose 
tested).  The  maternal  NOEL  was  established  at  5 
mg/kg/day  (EPA  1987). 

A  teratology  study  with  rabbits  revealed  no  effects 
at  25  mg/kg/day  (EPA  1986). 
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Nonthreshold  Effects  in  Laboratory 
Animals 


demonstrated  that  triclopyr  was  moderately  irritat- 
ing to  rabbits'  eyes  (EPA  1986). 


Carcinogenicity  Studies.  Available  evidence  does 
not  indicate  that  tebuthiuron  is  carcinogenic.  In 
2-year  rat  and  mouse  oncogenicity  studies,  no  onco- 
genic effects  were  observed  at  oral  doses  up  to  80 
and  240  mg/kg/day  (the  highest  doses  tested), 
respectively  (EPA  1986).  For  the  purpose  of  this  risk 
assessment,  tebuthiuron  is  considered  nononco- 
genic. 


Mutagenicity.  Tebuthiuron  was  nonmutagenic  when 
tested  with  and  without  metabolic  activation  in  bac- 
terial assay  systems,  in  a  dominant  lethal  rat  assay, 
and  in  an  activated  mouse  lymphoma  cell  assay.  It 
was  mildly  mutagenic  in  a  mouse  lymphoma  somatic 
cell  test  without  metabolic  activation  (EPA  1986). 
Based  on  the  battery  of  tests  performed,  tebuthiuron 
is  assumed  to  be  nonmutagenic. 


Data  Gaps 

According  to  the  tebuthiuron  toxicology  chapter 
(EPA  1987),  EPA  considers  acute  oral  (rat),  acute 
dermal,  eye  irritation  (rabbit),  dermal  irritation  (rab- 
bit), dermal  sensitization  (guinea  pig),  and  mutage- 
nicity, to  be  data  gaps  for  tebuthiuron.  The  Rodent 
Chronic  Toxicity,  Oncogenicity,  and  Teratology 
studies  were  accepted  by  the  EPA  in  December, 
1988  (DowElanco  1990). 


Triclopyr 


Toxic  Effects  Seen  in  Humans 

The  Office  of  Pesticide  Prog  rams  established  a  ref- 
erence dose  for  chronic  oral  exposure  of  0.025 
mg/kg  based  on  a  6-month  oral  toxicity  study  in 
dogs  with  a  NOEL  of  2.5  (EPA  1989).  An  uncertainty 
factor  of  100  was  applied. 


Threshold  Effects  in  Laboratory  Animals 


Acute  and  Subacute  Toxicity.  With  an  acute  oral 
LD50  ranging  from  630  to  729  mg/kg  in  rats  (EPA 
1986),  triclopyr  is  classified  as  slightly  toxic.  How- 
ever, toxicities  for  different  mammalian  species  may 
vary,  as  demonstrated  by  the  moderately  toxic  effect 
of  triclopyr  on  guinea  pigs  (LD50  =  310  mg/kg,  EPA 
1985c).  Acute  and  primary  dermal  tests  in  rabbits 
revealed  that  triclopyr  was  slightly  irritating  to  the 
rabbits'  skin  (EPA  1986).  A  primary  eye  irritation  test 


Subchronic  and  Chronic  Toxicity.  A  90-day  rat  feed- 
ing study  established  a  NOEL  of  30  mg/kg/day 
based  on  decreased  body  weight,  food  consump- 
tion, and  absolute  liver  weights  at  a  dosage  level  of 
100  mg/kg/day  (EPA  1986).  A  2-year  feeding/ 
oncogenic  study  with  rats  revealed  no  effects  at 
dosage  levels  up  to  30  mg/kg/day  (HDT)  (EPA  1986). 
In  a  2-year  feeding/oncogenicity  study  reported  by 
Dow  (1987),  no  toxicological  effects  were  observed 
in  rats  at  3  mg/kg/day.  Male  rats  fed  1 2  and  36  mg/kg/ 
day  had  increased  absolute  and  relative  kidney 
weights. 

A  228-day  dog  feeding  study  resulted  in  a  sys- 
temic NOEL  of  less  than  5  mg/kg/day  based  on  phe- 
nolsulfonphthalein  excretion  (EPA  1986).  A  6-month 
feeding  study  with  dogs  resulted  in  the  establish- 
ment of  a  systemic  NOEL  of  2.5  mg/kg  (HDT)  (40 
CFR  Part  180  50(84):184-85,  May  1,  1985).  The 
effects  observed  in  the  dog  studies  are  not  represen- 
tative of  effects  expected  in  humans  because  dogs 
have  a  limited  capacity  for  organic  anion  transport 
in  the  kidney  (Dow  1985).  Dogs  excrete  triclopyr  at 
a  slower  rate  than  other  laboratory  animals  or 
humans.  The  half-life  of  triclopyr  for  urinary  excre- 
tion in  dogs  is  96  hours,  compared  to  1.5  hours  in 
rats  and  3.1  hours  in  monkeys.  Dow  concluded  that 
toxicity  may  be  increased  in  dogs  because  of  the 
greater  relative  retention  time  of  the  compound  in 
the  animal's  body.  Based  on  the  Dow  conclusions 
regarding  this  study,  the  use  of  the  2.5  mg/kg/day 
NOEL  from  the  dog  study  (the  lowest  NOEL  found 
in  current  available  literature)  in  this  risk  assessment 
may  be  very  conservative  and  may  tend  to  overesti- 
mate expected  effects  in  humans  with  normal  renal 
function. 


Reproductive  and  Developmental  Toxicity.  In  a  rat 
teratology  study,  test  animals  were  given  doses  of 
0,  50, 100,  or  200  mg/kg/day  by  gavage  during  days 
6  through  15  of  gestation.  No  teratogenic  effects 
were  noted  at  the  highest  dose  tested.  Retarded  ossi- 
fication of  skull  bones  was  observed  at  200  mg/kg/ 
day,  and  decreased  body  weight  gains  and  food  con- 
sumption were  found  at  50  mg/kg/day.  Therefore, 
the  fetotoxic  NOEL  was  established  at  50  mg/kg/ 
day,  and  the  maternal  toxic  NOEL  was  established 
at  less  than  50  mg/kg/day  (EPA  1986). 

In  a  three-generation  reproduction  study,  rats 
were  given  doses  of  0,  3,  10,  and  30  mg/kg/day  in 
the  diet.  No  effects  were  noted  at  the  highest  dose 
tested  (EPA  1986). 

Two  rabbit  teratology  studies  were  conducted 
with  triclopyr.  In  one  study,  rabbits  were  given  0, 10, 
or  25  mg/kg/day  by  gavage  during  days  6  through 
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18  of  gestation.  Reduced  body  weight  values  were 
observed  at  the  25-mg/kg/day  level.  The  NOEL  for 
this  study  was  established  at  10  mg/kg/day  (EPA 
1988).  In  the  other  study,  no  teratogenic  effects  were 
noticed  up  to  the  highest  dose  tested,  100  mg/kg/ 
day  (EPA  1986). 


Nonthreshold  Effects  in  Laboratory 
Animals 


Carcinogenicity  Studies.  Available  data  do  not  indi- 
cate that  triclopyr  is  carcinogenic.  For  both  rat  and 
mouse  2-year  feeding  studies,  no  oncogenic  effects 
were  apparent  in  test  animals  exposed  to  triclopyr 
(30  and  36  mg/kg/day,  respectively)  (EPA  1986,  40 
CFR  Part  180  50(84):1 8485-86,  May  1,  1985).  A 
recent  2-year  chronic  toxicity/oncogenicity  study  in 
rats  has  been  submitted  in  response  to  EPA's 
request  for  a  repeat  rat  oncogenicity  study  (Dow 
1987).  A  statistically  significant  increase  in  mam- 
mary tumors  was  observed  when  the  number  of  ade- 
nomas (one)  and  adenocarcinomas  (four)  were  com- 
bined for  high-dose  females  (36  mg/kg/day)  (Dow 
1987).  However,  the  researchers  reported  that  the 
incidence  was  within  a  range  of  historical  controls 
and  the  statistical  result  was  partially  because  of  the 
low  incidence  (zero)  in  control  rats.  Based  on  these 
results,  triclopyr  is  not  considered  carcinogenic  for 
this  risk  assessment. 


Mutagenicity.  Except  for  a  dominant  lethal  rat  assay 
in  which  weakly  positive  results  were  observed,  tric- 
lopyr was  nonmutagenic  in  various  test  systems, 
including  bacteria  assays,  a  dominant  lethal  mouse 
assay,  a  cytogenetic  mammalian  assay  in  vivo,  a  host 
mediated  assay  in  mice,  and  an  unscheduled  DNA 
synthesis  assay  with  rat  hepatocytes  (EPA  1988). 
Therefore,  triclopyr  is  not  considered  a  potential 
human  mutagen  in  this  risk  assessment. 


Data  Gaps 

EPA  (1989)  indicates  that  data  gaps  for  triclopyr 
have  not  yet  been  identified. 


TOXICITY  OF  HERBICIDE 
CARRIERS 

Petroleum  Distillates  (Diesel  Oil 
and  Kerosene) 

Threshold  Effects 

With  an  acute  oral  LD50  of  9.0  mL/kg  (7,380 
mg/kg)(1  milliliter  of  diesel  oil  weighs  820  milli- 
grams), diesel  oil  is  classified  as  very  slightly  toxic 
(Beck  et  al.  1982).  The  most  marked  acute  toxic 
effect  observed  after  the  administration  of  diesel  oil 
to  test  animals  occurred  during  primary  dermal  irri- 
tation studies  (Beck  et  al.  1982).  In  these  studies,  a 
single  exposure  of  rabbits  to  diesel  oil  resulted  in  a 
rating  of  "extremely  irritating,"  based  on  a  score  of 
6.81  (on  a  scale  of  1  to  10).  The  irritation  may  have 
been  caused  by  additives  for  internal  combustion  in 
diesel  oil.  Diesel  oil  was  nonirritating  in  primary  eye 
irritation  studies  (Beck  et  al.  1982).  A  subacute 
3-week  dermal  study  of  eight  rabbits  reported  an 
average  weight  loss  of  0.30  kilograms  at  the  dose 
level  of  4.0  mL/kg  (3,280  mg/kg)  and  an  average 
weight  loss  of  0.55  kilograms,  with  a  67-percent  mor- 
tality rate  at  the  dose  level  of  8.0  ml_/kg  (6,560 
mg/kg)  (Beck  et  al.  1982).  An  inhalation  teratology 
study  in  which  rats  were  exposed  to  5.09  or  20.075 
uL/kg  of  diesel  fuel  on  days  6  through  1 5  of  gestation 
did  not  result  in  any  significant  teratogenic  effects 
(Mecler  and  Beliles  1979). 

Kerosene  is  classified  as  very  slightly  toxic  based 
on  the  lowest  oral  lethal  dose  of  28,000  mg/kg  in  rats 
(NLM  1987).  Kerosene  and  all  other  hydrocarbons 
represent  an  acute  ingestion  hazard  to  humans  and, 
when  swallowed,  can  lead  to  chemical  pneumonia 
(Doull  et  al.  1980).  Chemical  pneumonitis  from 
hydrocarbons,  such  as  kerosene,  is  described  in 
Doull  et  al.  (1980)  as  follows: 

An  important  toxicologic  problem  asso- 
ciated with  the  hydrocarbon  solvents  is  the 
inadvertent  or  intentional  ingestion  of  gas- 
oline, kerosene,  or  paint  thinners.  Although 
in  most  instances  the  acute  toxicity  of  these 
compounds  is  quite  low,  small  amounts 
may  be  aspirated  into  the  lungs  during  in- 
gestion, during  attempts  to  induce  vomit- 
ing, or  while  pumping  the  stomach.  The 
response  of  the  lung  to  small  quantities  of 
hydrocarbon  solvents  is  rapid  and  severe. 
Relatively  small  amounts  will  spread  a  thin 
layer  over  the  large  moist  surfaces  of  the 
lung  resulting  in  pneumonitis,  pulmonary 
edema,  and  hemorrhage. 
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Kerosene  causes  moderate  local  irritation,  central 
nervous  system  depression,  and  sometimes  mild 
lesions  in  the  kidneys,  liver,  bone  marrow,  and 
spleen  (Gosselin  1976,  as  cited  in  NLM  1987).  In  a 
28-day  dermal  toxicity  study  with  rabbits,  kerosene 
was  moderately  irritating  at  the  200-  and  1,000-mg/ 
kg/day  dose  levels  and  was  severely  irritating  at  the 
2,000-mg/kg/day  dose  level  (American  Petroleum 
Institute  1983a).  Treatment-related  skin  lesions 
(acanthotic  dermatitis,  hyperkeratosis,  and  dermal 
microabscess)  and  liver  lesions  (acute  multifocal 
necrosis)  occurred  at  the  highest  dose  (2,000  mg/kg/ 
day).  Jet  fuel  A  (a  type  of  kerosene)  was  mildly  irri- 
tating to  the  skin  and  eyes  of  rabbits  in  primary  skin 
and  eye  studies  (Beck  et  al.  1982).  No  reactions  were 
observed  for  guinea  pigs  used  in  the  same  studies 
(Beck  et  al.  1982).  Rats  exposed  to  300  mg/m3  for 
14  to  75  weeks  exhibited  morphologic  changes  and 
cytoenzymatic  changes  in  the  lungs  and  showed  dis- 
orders of  their  acid-base  equilibrium  (Starek  and 
Kaminski  1981,  as  cited  in  NLM  1987). 

In  a  study  in  which  baboons  were  administered 
kerosene  by  various  routes,  the  primate  brain 
appeared  to  be  resistant  to  direct  toxic  effects  of 
kerosene  (Wolfsdorf  1976).  The  author  hypothe- 
sized that  the  lung  and  liver  are  able  to  filter  out  suf- 
ficient amounts  of  large  doses  to  protect  the  brain. 
Jet  fuel  A  was  not  reported  to  be  teratogenic  in  a 
rat  inhalation  study  at  the  highest  dose  tested  (400 
ppm)  (Beliles  and  Mecler  1982). 


Nonthreshold  Effects 

Diesel  oil  was  nonmutagenic  when  tested  with  and 
without  metabolic  activation  in  the  Ames  assay  and 
in  the  mouse  lymphoma  assay.  However,  it  was 
found  to  be  clastogenic  in  rat  bone  marrow  cells 
(Conawayetal.  1982).  Kerosene  was  nonmutagenic 
when  tested  with  and  without  metabolic  activation 
in  the  Ames  assay,  the  mouse  lymphoma  assay,  and 
the  rat  bone  marrow  cell  assay  (Conaway  et.  al. 
1982).  However,  because  diesel  oil  and  kerosene 
contain  polycyclic  aromatic  hydrocarbons  (PAHs) 
and  other  constituents  that  are  known  or  suspected 
mutagens,  they  are  considered  to  be  mutagens  for 
this  risk  assessment. 

The  oncogenic  potential  of  petroleum  fuels  is 
directly  related  to  refinery  processing  methods  used 
to  obtain  the  petroleum  product  and  the  crude  oil 
composition  from  which  the  fuel  was  derived.  An 
evaluation  of  the  composition  of  petroleum  fuels  has 
revealed  that  a  positive  correlation  exists  between 
PAH  content  and  carcinogenicity  in  human  epidemi- 
ology studies  or  experimental  laboratory  studies 
(Bingham  et  al.  1979). 

Diesel  fuel  is  usually  a  straight-run  distillation 
product  composed  of  a  complex  variable  mixture  of 
hydrocarbons  with  a  boiling  point  range  of  175°  C 


(347°  F)  to  370°  C  (698°  F)(DOE  1983)  and  an  aro- 
matic content  of  24  percent  (Conaway  et  al.  1982). 
To  date,  diesel  fuel  has  not  been  shown  to  be  car- 
cinogenic. In  a  2-year  oncogenic  skin  painting 
study,  which  was  terminated  after  62  weeks  because 
of  the  presence  of  extensive  skin  lesions,  Swiss 
Eppley  mice  were  exposed  to  0.05  mL  (41  mg)  of  die- 
sel fuel  products.  Skin  carcinomas  were  found  in  2 
of  50  animals,  which  was  not  statistically  significant 
by  chi-square  analysis  (American  Petroleum  Insti- 
tute 1983b). 

Kerosene  is  a  straight-run  distillation  product  with 
a  boiling  point  range  of  175°  C  (347°  F)  to  325°  C 
(617°  F)  (NLM  1987)  and  an  aromatic  content  of  18 
percent  (Conaway  et  al.  1982).  Higher  boiling  point 
[greater  than  370°  C  (698°  F)]  petroleum  products 
that  are  subjected  to  additional  refinement  pro- 
cesses, such  as  cracking  or  hydrogenation,  and  that 
contain  polycyclic  aromatic  hydrocarbons  may  be 
carcinogenic  to  experimental  animals  (Bingham  et 
al.  1979). 

Diesel  oil  and  kerosene  contain  small  amounts  of 
known  or  suspected  carcinogens,  including  ben- 
zo(a)pyreneand  benzene  (Bingham  etal.  1979).  Ben- 
zo(a)pyrene  (BaP),  a  potent  carcinogen,  is  a  PAH 
that  also  occurs  at  low  levels  in  foods  and  in  prod- 
ucts of  combustion,  including  cigarette  smoke 
(Bingham  et  al.  1979).  Bioassays  indicate  that  the 
concentration  of  this  single  carcinogen  can  often 
serve  as  a  guide  in  predicting  carcinogenic  potency, 
although  other  substances  are  also  known  to  be 
involved  (Bingham  etal.  1979).  There  is  sufficient  evi- 
dence to  conclude  that  BaP  is  carcinogenic  in  exper- 
imental animals:  BaP  has  incited  tumors  in  all  of  the 
nine  species  for  which  data  have  been  reported, 
despite  the  use  of  different  methods  of  administra- 
tion (DHHS 1985).  These  studies  reported  both  local 
and  systemic  carcinogenic  effects. 

For  benzene,  another  aromatic  hydrocarbon 
known  to  be  present  in  petroleum  fuels,  there  is  suf- 
ficient evidence  to  indicate  that  it  is  carcinogenic  in 
experimental  animals  and  in  humans  (DHHS  1985). 
Benzene  has  been  shown  to  cause  leukemia  in 
chronically  exposed  workers  (DHHS  1985). 

Because  of  the  carcinogenicity  of  the  aromatic 
hydrocarbons  found  in  diesel  fuel  and  kerosene, 
these  light  fuel  oils  are  considered  carcinogenic  for 
this  risk  assessment. 

The  carcinogenic  potencies  of  diesel  oil  and  kero- 
sene have  been  estimated  for  this  risk  assessment 
based  on  the  potencies  of  both  benzene  and  BaP. 
EPA  (1980b,  as  cited  in  EPA  1984a)  has  estimated 
the  carcinogenic  potency  of  BaP  as  1 1 .5  per  mg/kg/ 
day. 

The  carcinogenic  potency  of  benzene,  however, 
is  much  less  than  that  of  BaP.  EPA  (1980a,  as  cited 
in  EPA  1984b)  has  estimated  the  carcinogenic  po- 
tency of  benzene  as  0.0445  per  mg/kg/day. 
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Samples  of  diesel  oil  and  fuel  oil  have  been  found 
to  have  a  BaP  content  of  only  0.026  ppm,  but  No. 
2  heating  oil  (which  may  be  subjected  to  cracking, 
rather  than  being  a  straight-run  distillation  product) 
can  contain  600  ppb  (Bingham  et  al.  1979).  The  mid- 
point of  this  concentration  range  (313  ppb)  has  been 
used  to  calculate  the  carcinogenic  potency  of  diesel 
oil,  although  most  diesel  fuels  can  be  expected  to 


have  a  lower  BaP  content.  The  content  of  benzene 
in  diesel  fuel  was  assumed  to  be  28.5  ppm,  based 
on  analysis  of  water  extracts  of  No.  2  fuel  oil  by  And- 
erson (1975),  with  corrections  for  solubility  relation- 
ships. The  resulting  estimate  of  carcinogenic  poten- 
cies of  both  diesel  oil  and  kerosene  are  0.0000049 
per  mg/kg/day.  Seventy-four  percent  of  this  potency 
is  a  result  of  the  BaP  component. 
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INTRODUCTION 

This  section  presents  the  methods  used  in  the  her- 
bicide exposure  analysis.  The  terminology  of  herbi- 
cide use  and  the  potential  human  exposure  from  that 
use  are  discussed  in  the  first  subsection. 

The  second  subsection  presents  the  methods 
used  to  estimate  herbicide  doses  to  members  of  the 
public  and  workers.  The  methods  used  for  determin- 
ing lifetime  doses  to  workers  and  the  public  to  eval- 
uate the  risk  of  cancer  are  described.  The  third  sub- 
section discusses  the  results  of  the  routine  and 
accidental  dose  calculations  for  the  public  and  work- 
ers. 


BACKGROUND 
INFORMATION 

Herbicide  Characteristics 

Most  herbicides  are  packaged  and  sold  by  the 
manufacturer  in  liquid  form  as  a  concentrate  with  a 
specified  numberof  pounds  of  active  ingredient,  usu- 
ally between  1  and  10,  per  gallon  of  concentrate,  and 
with  inert  ingredients  forming  the  remaining  portion. 
Many  herbicides  also  are  marketed  in  granular  for- 
mulations and  as  wettable  powders.  Before  herbi- 
cides are  applied,  they  are  mixed  with  a  carrier,  usu- 
ally water,  according  to  the  manufacturer's  label 
instructions  for  the  particular  treatment  purpose  and 
the  desired  application  rate  in  pounds  of  active  ingre- 
dient per  acre.  The  amount  of  concentrate  that  pro- 
duces the  desired  amount  of  active  ingredient  per 
acre  treated  is  normally  mixed  with  10  to  15  gallons 
of  carrier  for  every  acre  to  be  treated  in  aerial  appli- 
cations and  with  50  to  1 00  gallons  of  carrier  for  every 
acre  to  be  treated  in  ground  applications.  Herbicide 
concentrate,  stored  in  30-  to  55-gallon  drums,  is  pre- 
pared for  application  and  then  is  transferred  to  appli- 
cation equipment  by  a  mixer-loader,  who  uses  a 
batch  truck  that  has  separate  storage  tanks  for  the 
carrier  and  for  the  herbicide  mixture. 

Herbicide  application  equipment  is  designed  to 
cover  target  plants  with  a  minimum  of  off-target 
spray  movement,  called  drift.  Spray  equipment  noz- 
zles are  designed  to  produce  medium  to  large  drop- 
lets because  smaller  droplets  tend  to  remain  air- 
borne and  may  drift  with  air  currents  away  from 
target  vegetation.  Despite  the  effectiveness  of  the 


application  equipment  used,  some  small  fraction  of 
the  droplets  may  break  up  into  smaller  droplets  that 
the  wind  could  blow  offsite.  Hand  application  tech- 
niques, such  as  spot  gun  and  hack-and-squirt,  do 
not  use  broadcast  sprays;  thus,  these  techniques  do 
not  produce  any  appreciable  herbicide  drift. 


Exposure  and  Dose 

Two  primary  conditions  are  necessary  for  a 
human  to  receive  an  herbicide  dose  that  may  result 
in  a  toxic  effect.  First,  the  herbicide  must  be  present 
in  the  person's  immediate  environment— in  the  air, 
on  the  skin,  or  in  food  or  water— so  that  it  is  available 
for  intake.  The  amount  of  herbicide  present  in  the 
person's  immediate  environment  is  the  exposure 
level.  Second,  the  herbicide  must  get  into  the  per- 
son's body  by  some  route.  If  the  herbicide  is  in  the 
air,  it  may  be  inhaled  into  the  air  passages  and  lungs. 
If  the  herbicide  is  on  the  clothing  that  is  in  contact 
with  the  skin  or  on  the  skin  itself,  it  may  penetrate 
the  skin.  The  amount  of  herbicide  that  moves  into 
the  body  by  any  of  these  routes  constitutes  the  dose. 

While  two  people  may  be  subjected  to  the  same 
level  of  exposure  (for  example,  two  workers  apply- 
ing herbicide  with  backpack  sprayers),  one  may  get 
a  much  lower  dose  than  the  other  by  wearing  pro- 
tective clothing,  using  a  respirator,  or  washing  imme- 
diately after  spraying.  Exposure,  then,  is  the  amount 
of  herbicide  available  to  be  taken  into  the  body;  dose 
is  the  amount  of  herbicide  that  actually  enters  the 
body. 

Worker  dose  levels  were  extrapolated  from  actual 
field  studies  that  analyzed  urine  samples  from 
exposed  workers.  By  determining  the  amount  of  an 
herbicide  or  its  metabolites  in  a  worker's  urine,  it  is 
possible  to  estimate  the  exposure  (or  dose)  that  the 
worker  has  received. 


EXPOSURE  ANALYSIS 
METHODS 

Application  Scenarios 

To  make  reasonable  estimates  of  the  possible  her- 
bicide doses  to  the  public  and  workers,  a  number 
of  application  scenarios  are  used  that  represent  an 
array  of  likely  treatment  situations.  Routine  applica- 
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tion  scenarios  were  designed  to  provide  a  range  of 
human  dose  estimates,  from  realistic  to  worst  case, 
for  normal  operating  conditions.  Accident  scenarios- 
— direct  application,  spills  on  the  skin,  and  large 
spills  into  bodies  of  water— are  used  to  estimate  the 
highest  doses  that  could  ever  be  reasonably 
expected  to  occur.  Actual  exposures  from  all  vege- 
tation management  projects  conducted  in  the  13 
Western  States  should  be  within  or  below  the  range 
of  doses  predicted  in  these  scenarios. 

The  scenarios  specify  those  characteristics  of 
each  kind  of  herbicide  application  operation  that 
determine  human  doses.  For  example,  the  number 
of  work  hours  and  the  herbicide  application  rate  are 
used  to  determine  the  doses  for  workers  involved  in 
backpack  operations.  For  aerial  applications,  the 
number  and  size  of  the  sites  treated  in  a  day's  oper- 
ation are  used.  To  calculate  doses  to  nearby  resi- 
dents who  may  eat  a  garden  vegetable  containing 
herbicide  residue,  it  is  necessary  to  estimate  how 
much  residue  is  on  the  vegetable  and  to  specify  how 
much  of  the  vegetable  is  eaten. 

The  application  scenarios  were  not  intended  to 
show  what  necessarily  will  happen  as  a  result  of  a 
given  treatment  operation,  but  what  could  happen 
if  all  of  the  conditions  specified  in  the  scenario  were 
met  in  the  actual  operations.  For  example,  routine- 
worst  case  worker  doses  are  based  on  actual  dose 
levels  found  in  field  exposure  studies  in  which  no  pro- 
tective clothing  or  equipment  was  worn.  If  workers 
were  to  wear  protective  clothing  and  equipment 
during  actual  operations,  their  doses  could  be  signif- 
icantly lower  than  the  routine-worst  case  doses  esti- 
mated here.  However,  despite  all  precautions, 
workers  present  during  treatment  operations  are 
likely  to  be  exposed  at  least  to  some  minimal  extent. 

Additional  factors  must  be  recognized  when  eval- 
uating the  likelihood  of  a  member  of  the  public 
receiving  an  herbicide  dose.  A  forest  user  would 
receive  a  dose  only  in  the  immediate  vicinity  of  the 
treatment  area  and  only  at  the  time  of  the  herbicide 
application.  However,  because  of  the  limited  area  of 
forest  being  treated  and  the  public's  restricted 
access  and  use,  the  possibility  of  this  occurrence  is 
slight.  Likewise,  a  nearby  resident  would  receive  an 
herbicide  dose  as  high  as  the  one  estimated  in  this 
analysis  only  if  the  following  conditions  were  met: 

(1)  The  resident  was  close  enough  to  a  particular 
treatment  area  to  receive  some  level  of  herbicide 
drift. 

(2)  The  weather  conditions  on  the  day  of  treatment 
were  such  that  the  herbicide  happened  to  drift 
offsite  in  the  direction  of  the  resident. 

A  combination  of  factors  makes  the  possibility  of 
the  resident  receiving  such  a  dose  unlikely.  First, 
most  treatment  areas  are  located  considerably  far- 
ther from  any  residence  than  the  distance  assumed 
in  this  analysis,  which  is  600  feet.  Second,  mitigation 


measures  reduce  the  likelihood  of  drift  onto  a  resi- 
dent, even  if  one  happened  to  be  nearby.  Third,  there 
is  only  a  remote  possibility  that  the  resident  would 
be  present  near  spraying  operations  and  be  unable 
to  avoid  spray  or  not  wash  herbicide  from  the  skin 
if  sprayed. 


Potential  Routes  of  Human 
Exposure 

The  potential  routes  of  exposure  to  humans  and 
nontarget  species  from  herbicide  treatment  opera- 
tions are  illustrated  in  Figure  E4-1 .  The  routes  of  ex- 
posure considered  in  this  risk  assessment  in  estimat- 
ing doses  to  the  public  that  might  occur  during 
routine  operations  or  in  the  event  of  an  accident  are 
listed  in  Table  E4-1  and  are  described  below.  Food 
items  and  drinking  water  sources  that  may  lead  to 
ingestion  (dietary)  exposures  and  sources  of  multi- 
ple public  exposures  also  are  presented. 


Potential  Human  Exposures  From 
Routine  Operations 

The  greatest  doses  to  humans  in  routine  herbicide 
applications  are  to  workers  who  may  be  exposed 
while  (1)  mixing  herbicide  and  loading  it  into  appli- 
cation equipment,  (2)  applying  herbicide  to  vegeta- 
tion using  ground-based  equipment,  or  (3)  supervis- 
ing or  monitoring  aerial  or  ground-based  herbicide 
applications.  Use  of  protective  clothing  and  equip- 
ment and  adherence  to  proper  cleanup  procedures 
and  label  precautions  can  lead  to  significant  reduc- 
tions in  the  doses  to  workers. 

The  most  important  source  of  exposure  to  persons 
who  do  not  handle  the  herbicide  containers  or  spray 
equipment  in  routine  operations  is  from  off-target 
drift  of  airborne  herbicide  spray  droplets.  Spraying 
only  under  favorable  weather  conditions  and  using 
spray  equipment  that  limits  the  number  of  smaller 
spray  droplets  reduces  the  amount  and  extent  of 
drift. 

During  routine  operations,  workers  may  be  der- 
mally  exposed  to  an  herbicide  if  the  herbicide  con- 
centrate, mixture,  or  drifting  spray  droplets  contact 
their  skin  or  if  the  herbicide  is  brushed  off  of  sprayed 
vegetation.  Inhalation  exposure  may  result  from 
breathing  without  protective  devices  in  the  area  of 
the  drifting  spray  droplets  or  where  there  are  vapors 
from  a  volatile  herbicide.  However,  studies  have 
shown  that  inhalation  exposure  is  small  compared 
with  dermal  exposure.  In  this  analysis,  inhalation 
doses  have  not  been  estimated  separately  for  work- 
ers; they  are  included  with  dermal  doses  in  the  esti- 
mated total  worker  doses  based  on  field  experiments 
measuring  herbicide  levels  in  workers'  urine. 
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Figure  E4-1.    Routes  of  exposure  to  herbicides  in  spraying  operations. 
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Table  E4-1 
Scenarios  for  Public  Exposure  Estimation 


Exposure 


Spray  drift,  dermal 
Vegetation  contact,  hiker 

Vegetation  contact,  picker 

Drinking  water 

Eating  berries 

Eating  fish 

Hiker 


Berrypicker 


Angler 


Nearby  resident 


Native  American  Gatherers 


Accidents 
Skin  spill,  concentrate 

Skin  spill,  mixture 


Roimes 


Dermal  exposure  to  drift 

Dermal  exposure  to  vegetation 
contaminated  with  drift 

Dermal  exposure  to  vegetation 
contaminated  with  drift 

Oral  ingestion  of  water 
contaminated  with  drift 

Oral  ingestion  of  berries 
contaminated  with  drift 

Oral  ingestion  of  fish  from  water 
contaminated  with  drift 

Dermal  exposure  to  drift  +  dermal 
exposure  to  vegetation 
contaminated  with  drift  +  oral 
ingestion  of  water  contaminated 
with  drift 

Dermal  exposure  to  drift  +  dermal 
exposure  to  vegetation 
contaminated  with  drift  +  oral 
ingestion  of  water  contaminated 
with  drift 

Dermal  exposure  to  drift  +  dermal 
exposure  to  vegetation 
contaminated  with  drift  +  oral 
ingestion  of  water  contaminated 
with  drift  +  oral  ingestion  of 
fish  from  water  contaminated  with 
drift 

Dermal  exposure  to  drift  +  dermal 
exposure  to  vegetation 
contaminated  with  drift 

Dermal  exposure  to  drift  +  dermal 
exposure  to  vegetation 
contaminated  with  drift  =  oral 
ingestion  of  water  contaminated 
with  drift  =  oral  ingestion  of 
berries  and  other  plant  parts 
contaminated  with  drift  +  oral 
ingestion  of  fish  from  water 
contaminated  with  drift  +  oral 
ingestion  of  game  contaminated 
with  drift 


Dermal  exposure  from  spill  of 
concentrate 

Dermal  exposure  from  spill  of 
mixture 
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Table  E4-1  (Continued) 
Scenarios  for  Public  Exposure  Estimation 


Exposure 


Routes 


Direct  spray,  person 

Drinking  directly 
sprayed  water 

Eating  fish  from 
directly  sprayed  water 

Immediate  reentry,  hiker 
Immediate  reentry,  picker 

Eating  directly  sprayed  berries 

Drinking  water  contaminated 
by  a  jettison  of  mixture 

Drinking  water  contaminated 
by  a  truck  spill 


Dermal  exposure  at  the  full 
application  rate 

Oral  ingestion  of  contaminated 
water 

Oral  ingestion  of  fish  from 
contaminated  water 

Dermal  exposure  to  just-sprayed 
vegetation 

Dermal  exposure  to  just-sprayed 
vegetation 

Oral  ingestion  of  sprayed  berries 

Oral  ingestion  of  contaminated 
water 

Oral  ingestion  of  contaminated 
water 


Field  studies  of  workers  have  demonstrated  that 
inhalation  exposure  represents  only  a  small  part  of 
the  total  exposure.  Total  2,4-D  exposure  to  truck 
applicators  by  way  of  inhalation,  assuming  an 
8-hour  day  and  a  breathing  rate  of  29  liters  per  min- 
ute, would  be  a  maximum  0.03  milligrams  (mg)  ver- 
sus a  maximum  18  mg  by  way  of  dermal  exposure, 
according  to  data  of  Draper  and  Street  (1982).  Inha- 
lation, therefore,  constituted  0.17  percent  of  dermal 
exposure.  Nigg  and  Stamper  (1983)  calculated  inha- 
lation exposure  to  be  0.03  percent  of  total  body  expo- 
sure for  Florida  airboat  sprayers.  In  their  study  of 
right-of-way  applicators  using  2,4-D,  2,4-DP,  and 
picloram,  Libich  etal.  (1984)  found  dermal  exposure 
to  be  up  to  50  times  greater  than  exposure  from  in- 
halation. 

Members  of  the  public  who  are  within  the  area  of 
drift  of  the  smaller  spray  droplets  may  also  receive 
dermal  and  inhalation  exposure,  but  their  exposures 
are  relatively  low  compared  to  the  exposu  res  of  work- 
ers directly  involved  in  the  spraying  operations.  Her- 
bicide may  be  ingested  by  members  of  the  public 
from  food  containing  herbicide  residues.  Food 
items,  such  as  wild  berries,  may  have  received  some 
level  of  herbicide  from  spray  drift.  Ingestion  expo- 
sure could  also  result  from  drinking  water  that  has 
received  herbicide  drift  or  from  eating  fish  from  a 
body  of  water  that  has  received  herbicide  drift.  Be- 
cause inhalation  doses  would  makea  negligible  con- 
tribution to  total  doses,  only  doses  from  dermal  and 
dietary  routes  of  exposure  have  been  estimated  for 
members  of  the  public. 


Potential  Human  Exposures  From 
Accidents 

In  the  event  of  an  accident,  members  of  the  public 
and  workers  may  be  exposed  to  much  greater 
amounts  of  herbicide  than  under  normal  exposure 
circumstances.  Workers  who  spill  the  concentrate  or 
some  of  the  prepared  spray  mixture  on  their  skin  dur- 
ing mixing,  loading,  or  spraying  operations,  or  who 
are  doused  if  a  transfer  hose  breaks  would  be  der- 
mally  exposed.  Workers  or  members  of  the  public 
who  are  accidentally  sprayed  with  herbicide 
because  they  are  beneath  a  spray  aircraft  or  are  too 
close  to  a  truck  or  backpack  applicator  would 
receive  a  dermal  dose. 

The  dermal  dose  would  depend  on  the  concentra- 
tion of  herbicide  in  the  spray  mix,  the  area  of  the 
sprayed  person's  exposed  skin,  the  extent  to  which 
the  person's  clothing  absorbed  herbicide  (which 
depends  on  the  fabric  and  finish),  and  the  time  that 
elapses  before  the  person  can  wash.  Indirect  dermal 
(reentry)  exposure  may  occur  if  workers  or  members 
of  the  public  brush  up  against  freshly  sprayed  vege- 
tation in  the  sprayed  area. 

Members  of  the  public  may  accidentally  be 
exposed  to  the  herbicide  by  eating  food  or  drinking 
water  that  has  been  directly  sprayed.  For  example, 
members  of  the  public  may  eat  berries  that  have 
been  directly  sprayed.  Exposure  to  even  higher  lev- 
els of  herbicide  is  possible  if  a  container  of  herbicide 
concentrate  were  to  break  open  and  spill  into  a  drink- 
ing water  supply. 
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Public  Doses  From  Routine  Operations 

Herbicide  doses  to  the  public  potentially  exposed 
to  routine  herbicide  applications  were  estimated 
using  six  herbicide  application  scenarios:  3  routine- 
realistic  and  3  routine-worst  case.  The  hand  applica- 
tion scenario  was  excluded  because  no  drift  is 
involved  and  the  chance  that  any  other  type  of  public 
contact  with  the  herbicides  might  occur  in  these 
operations  is  negligible.  In  the  remaining  six  scenar- 
ios, inhalation  exposure  was  not  estimated  because 
worker  field  studies  have  consistently  shown  inhala- 
tion exposure  to  be  an  insignificant  fraction  of  the 
total  herbicide  dose  received  (USDA 1 984).  Only  der- 
mal and  dietary  routes  of  exposure  were  considered 
in  this  analysis. 

Because  no  field  studies  existed  on  actual  doses 
to  the  public  comparable  to  those  used  for  estimat- 
ing worker  doses,  it  was  necessary  to  estimate  pub- 
lic doses  by  modeling  the  transport  and  fate  of  the 
applied  herbicides.  Details  of  the  transport  and  fate 
modeling  are  in  a  following  subsection. 


Single  Routes  of  Exposure 

The  following  categories  of  exposure  were  esti- 
mated for  all  scenarios  except  public  exposures 
associated  with  oil  and  gas  sites:  doses  resulting 
from  drift,  vegetation  contact  by  a  hiker  or  berry- 
picker,  and  dietary  exposures  to  water,  fish,  and  wild 
berries.  At  oil  and  gas  sites  it  was  assumed  that  there 
would  be  no  vegetation  contact  from  berrypicking, 
dietary  exposure  from  fish,  or  dietary  exposure  from 
water.  Dermal  exposure  from  drift  and  vegetation 
contact  while  hiking  were  the  only  public  exposures 
assumed  to  occur  there.  These  scenarios  are  sum- 
marized in  Table  E4-1. 


Multiple  Routes  of  Exposure 

In  addition  to  estimating  doses  to  the  public  from 
routine  operations  through  the  specific  exposure 
routes  described  above,  four  categories  of  persons 
were  assumed  to  receive  cumulative  doses  through 
a  number  of  exposure  routes:  (1 )  a  hiker,  (2)  a  person 
who  picks  berries,  (3)  an  angler,  and  (4)  a  nearby 
resident.  Each  of  these  persons  was  assumed  to 
receive  an  herbicide  dose  that  is  the  sum  of  the 
doses  from  several  routes  of  exposure  as  shown  in 
Table  E4-1. 

It  is  extremely  unlikely  that  a  member  of  the  public 
will  receive  simultaneous  herbicide  doses  through 
more  than  two  of  the  exposure  routes  described 
above.  However,  to  ensure  that  no  possible  dose  was 
omitted  from  the  analysis,  it  was  assumed  that  the 
hiker  would  receive  dermal  exposure  from  drift  as 
well  as  vegetation  contact  exposure  from  brushing 


against  offsite  plants  that  have  received  drift.  The 
hiker  also  would  drink  water  that  has  received  her- 
bicide drift.  The  berrypicker  would  receive  the  same 
dermal  and  drinking  water  exposure  from  drift  as  the 
hiker,  but  the  berrypicker  would  be  exposed  to  a 
higher  level  of  vegetation  contact  exposure  from 
brushing  against  plants  that  have  received  drift 
because  of  continuous  contact  with  the  berry  plants. 
The  berrypicker  also  would  receive  exposure  from 
feeding  on  berries  that  have  herbicide  residues  from 
drift. 

The  angler  is  assumed  to  receive  the  same  dermal 
exposure,  vegetation  contact,  and  drinking  water 
exposure  as  the  hiker.  Additionally,  the  angler  is 
assumed  to  catch  and  eat  fish  from  a  pond  that  has 
received  herbicide  spray  drift.  The  nearby  resident 
would  receive  the  same  dermal  exposure  as  the 
hiker,  but  does  not  drink  water  that  has  been  con- 
taminated with  spray  drift. 


Herbicide  Transport  and  Fate  Modeling 

The  following  subsection  presents  a  detailed  dis- 
cussion of  the  transport  and  fate  modeling  used  in 
estimating  herbicide  doses  to  the  public.  Various 
sources  for  assumptions  and  methods  of  calculation 
were  consulted  (Dost  1983,  Crump  1983,  Simmons 
1983,  USDA  1984). 


Spray  Drift.  The  potential  for  herbicide  sprays  to 
drift  onto  adjacent  lands  or  into  nearby  bodies  of 
water  was  assessed  based  entirely  on  the  results  of 
studies  reported  in  the  scientific  literature.  The  anal- 
ysis considered  deposition  on  surfaces,  including 
exposed  skin,  water,  game  animals,  and  various 
classes  of  plants  that  may  contribute  directly  or  in- 
directly to  the  human  diet. 

Specific  field  studies  were  chosen  to  best  repre- 
sent the  equipment  and  conditions  appropriate  for 
each  scenario.  Unfavorable  conditions  were  chosen 
to  show  the  degree  of  drift  that  could  occur  under 
the  routine-worst  case  scenarios.  Drift  estimates  for 
sprays  applied  in  large  range  improvement  projects 
were  made  based  on  the  drift  of  2,4-D  from  a  fixed- 
wing  aircraft  (Miller  1980).  This  test  was  conducted 
when  winds  averaged  9.5  mph.  Mitigation  measures 
specify  no  spraying  if  winds  exceed  6  mph,  unless 
the  label  specifies  a  lower  maximum  wind  speed. 
Drift  estimates  for  sprays  applied  in  silvicultural  proj- 
ects were  made  based  on  drift  of  a  dye  tracer  solu- 
tion sprayed  over  a  coniferous  seed  orchard  by  heli- 
copter (Barry  et  at.  1983).  The  winds  ranged  from 
4.5  to  9  mph.  Drift  of  sprays  applied  by  ground  equip- 
ment was  estimated  based  on  a  field  test  reported 
in  Yates  et  al.  (1978).  In  that  test,  glyphosate  was 
sprayed  by  a  ground  sprayer  in  winds  of  8.5  mph. 
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To  facilitate  use  of  the  data  from  these  published 
field  tests,  a  computer  program  was  written  to  show 
how  residues  accumulate  from  multiple  swaths  (the 
long,  narrow  pattern  of  herbicide  laid  down  by  a 
broadcast  sprayer  such  as  an  aircraft)  and  to  correct 
for  various  application  rates  and  swath  widths.  The 
program  was  then  run  to  calculate  deposition  at 


selected  representativedistancesfora  nominal  appli- 
cation rate  of  1  pound  per  acre.  The  results  are  given 
in  Table  E4-2  for  each  of  the  three  broadcast  spray 
scenarios.  The  drift  calculated  for  water  bodies  is 
intended  to  represent  deposition  attheedge  of  a  min- 
imum buffer  strip  (50  feet  for  aerial  spraying  and  20 
feet  for  ground  spraying). 


Table  E4-2 
Offsite  Drift  Deposition  of  Herbicides 


Deposition  (mg/m2) 
at  Distance  to  Human 


Application 


Realistic 


Worst  Case 


Aerial 

Ground  Mechanical 

Backpack 


0.0215 
0.0462 
0.0367 


1.02 

0.1613 

0.7289 


Deposition  (mg/m2) 
at  Distance  to  Water  and  Berries 


Realistic 


Worst  Case 


2.000 

0.0968 

0.0632 


11.39 
0.3500 
15.000 


Residues  on  Plants.  Herbicide  residues  on  plants  on 
treated  sites  were  estimated  based  on  factors 
reported  by  Hoergerand  Kenaga  (1972).  These  fac- 
tors were  derived  from  a  large  number  of  studies, 
and  they  allow  prediction  of  residues  in  parts  per  mil- 
lion (ppm)  based  on  the  application  rate  in  pounds 
per  acre.  These  residue  estimates  were  calculated 
assuming  no  herbicide  degradation,  so  they  apply 
to  conditions  immediately  after  application.  Fol- 
lowing Hoerger  and  Kenaga  (1972),  the  plants  were 
classified  into  broad  groups  based  on  vegetative 
yield,  surface-to-mass  ratio,  and  plant  interception 
factors.  The  residues  estimated  for  each  type  of 
plant  are  intended  to  represent  conservatively  real- 
istic estimates. 

Offsite  plant  residues  were  calculated  first  for 
grasses  based  on  the  spray  drift  data  discussed  in 
the  previous  section,  using  a  regression  equation 
that  Yates  et  al.  (1978)  used  to  relate  spray  drift  dep- 
osition on  young  wheat  plants  to  that  on  sampling 
devices.  The  deposition  was  then  estimated  for  other 
plant  groups,  including  berries  and  leafy  vegetables, 
by  using  the  same  relative  factors  given  by  Hoerger 
and  Kenaga  (1972),  assuming  that  deposition  on 
young  wheat  was  approximately  the  same  as  depo- 
sition on  range  grass. 


Residues  in  Water.  Residues  in  water  were  calcu- 
lated assuming  that  the  water  is  4  feet  deep  and  that 
the  herbicide  spray  drifts  directly  downwind  to  the 
water  body  over  a  minimum  drift  distance.  The  drift 
deposition  is  detailed  in  Table  E4-2.  The  concentra- 
tion in  water  is  calculated  as  follows: 


CONG  =  DRIFT  x  V*  feet  x  3.28  feet/m 
x  0.001  m3/L 


where: 

CONC  =  Herbicide  concentration  in  mg/L 

DRIFT  =  drift  deposition  in  mg/ft2  (from 
Table  E4-2). 

The  actual  residues  in  water  would  be  less  under 
more  favorable  spray  conditions,  at  greater  dis- 
tances, or  with  deeper  water  bodies.  For  example, 
if  the  water  were  8  feet  deep,  the  residues  would  be 
only  one-half  of  those  calculated  for  this  analysis. 
Dilution  or  degradation  would  also  decrease  resi- 
dues. 


Residues  in  Fish.  Residues  in  fish  were  calculated 
assuming  that  the  fish  lived  in  and  were  caught  in 
water  4  feet  deep,  directly  downwind  of  a  treated 
site,  with  the  drift  distances  given  in  Table  E4-3.  For 
most  of  the  herbicides  considered  in  this  analysis, 
where  the  bioconcentration  factor  was  unknown, 
the  concentrations  in  fish  were  conservatively  taken 
to  be  25  times  the  particular  herbicide's  concentra- 
tions in  water.  For  the  herbicides  for  which  a  bio- 
concentration factor  is  known— atrazine,  diuron, 
and  tebuthiuron— the  literature  bioconcentration 
factor  was  used.  A  bioconcentration  factor  of  1 0  was 
used  for  tebuthiuron,  a  value  of  5  was  used  for  atra- 
zine, and  a  bioconcentration  factor  of  20  was  used 
for  diuron  (Koeman  et  al.  1969). 
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Table  E4-3 
Drift  Distances  Used  in  Exposure  Estimations 


Scenario 

Drift  Distances  (feet) 

To  Water  and  Berries 
Realistic       Worst  Case 

To  Humans 

Program 

Realistic 

Worst  Case 

Rangeland 

Aerial 

Backpack 

Ground  Mechanical 

200 
20 

50 

100 
10 

25 

600 

50 

100 

200 
20 

50 

Public-Domain 
Forest  Land 

Aerial 
Backpack 
Ground  Mechanical 

200 
20 

50 

100 
10 

25 

600 

50 

100 

200 
20 

50 

Oil  and  Gas  Sites 

Aerial 

Backpack 

Ground  Mechanical 

200 
20 

50 

100 
10 

25 

600 

50 

100 

200 
20 

50 

Rights-of-Way 

Aerial 

Backpack 

Ground  Mechanical 

200 
20 

50 

100 
10 

25 

600 

50 

100 

200 
20 

50 

Recreation  and 
Cultural  Sites 

Aerial1 

Backpack 

Ground  Mechanical 

20 
50 

10 
25 

50 
100 

20 
50 

1  Aerial  applications  are  not  used  on  BLM-managed  recreation  and  cultural  sites. 


Dermal  Doses  to  the  Public 

Dermal  doses  from  drift  were  estimated  by  assum- 
ing that  2  square  feet  of  skin  are  exposed  (Dost  1 983) 
and  the  level  of  deposition  on  skin  is  the  same  as 
that  found  on  the  sampling  sheets  used  in  the  drift 
monitoring  studies.  The  dose  was  calculated  as  the 
deposited  amount  multiplied  by  the  dermal  penetra- 
tion rate,  then  divided  by  body  weight  (50  kg). 

Indirect  dermal  exposure  resulting  from  contact 
with  foliage  with  surface  residues  of  drifted  herbi- 
cide was  calculated  by  using  the  "unified  field  mod- 
el" of  Popendorf  and  Leffingwell  (1982)  and  Popen- 
dorf  (1985).  This  model  was  developed  to  estimate 
the  possible  doses  and  effects  of  insecticides  on  agri- 
cultural workers;  however,  it  was  only  used  to  esti- 
mate exposure  for  this  analysis.  The  model  was 
applied  to  estimate  the  relatively  heavy  exposures 
that  could  result  from  extensive  foliage  contact, 
such  as  that  which  would  be  experienced  in  berry- 
picking.  The  model  takes  into  account  the  following: 

(1)  The  residue  on  foliage  at  any  point  in  time  after 
application  (this  analysis  assumes  no  decay 
after  initial  application) 

(2)  A  crop-specific  residue  transfer  coefficient 
[square  centimeters  per  hour  (cm2/hour)] 

(3)  The  exposure  period  in  hours 

(4)  The  dermal  penetration  rate  for  each  herbicide 
and  the  body  mass  of  a  human  (50  kg) 


The  residue  transfer  coefficient  has  been  deter- 
mined for  a  few  agricultural  situations.  The  value  of 
1,600  cm2/hour  for  this  coefficient  was  used  in  this 
analysis  to  estimate  doses  to  berrypickers.  This 
value,  derived  from  data  collected  for  grape  harvest- 
ing (Popendorf  1985),  represents  a  relatively  high 
exposure  situation.  People  engaged  in  activities 
involving  less  foliage  contact,  forexample,  tree  plant- 
ing, can  be  expected  to  receive  doses  that  are  con- 
siderably less. 

Dermal  doses  resulting  from  incidental  contact 
with  foliage,  represented  in  the  scenarios  by  vegeta- 
tion contact  for  the  hiker,  were  estimated  by  another 
method.  Lavy  et  al.  (1980)  measured  the  level  of 
2,4,5-T  on  cloth  patch  samplers  attached  to  a  person 
who  walked  through  a  treated  forest  area.  The  res- 
idues were  less  than  the  detection  limit  of  0.01  mg 
per  1 00  cm4  patch,  but  in  this  analysis  a  conservative 
assumption  was  made  that  the  residues  were  at  the 
detection  limit.  The  area  of  clothing  contacting 
foliage  was  assumed  to  be  40  percent  of  the  total 
human  surface  area,  and  10  percent  of  the  total  area 
was  assumed  to  be  bare  skin  contacting  foliage.  The 
same  dermal  penetration  rates  discussed  previously 
were  applied  to  bare  skin,  but  the  penetration 
through  clothing  was  assumed  to  be  30  percent  over 
a  6-hour  period,  based  on  work  by  Newton  and  Nor- 
ris  (1981). 
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Dietary  Doses  to  the  Public 

Drinking  Wafer.  Herbicide  doses  to  individuals  were 
calculated  assuming  they  drink  2  liters  (L)  of  water 
per  day,  as  follows: 

DOSE  =  CONG  x  AMT  x  (1/BWT) 

where: 

DOSE  =  Dietary  dose  due  to  drinking 

contaminated  water  (mg/kg/day) 

CONC  =  Concentration  of  herbicide  in  water 
(mg/L) 

AMT  =  Water  consumption  (2  L/day) 

BWT  =  Body  weight  (50  kg) 

Eating  Berries.  Calculations  for  public  dietary  doses 
as  a  result  of  eating  contaminated  berries  are  based 
on  the  following  equation: 

DOSE  =  RESIDUE  x  AMT  x  (1/BWT) 

where: 

DOSE  =  milligrams  of  herbicide  consumed 

per  kilogram  of  body  weight  (mg/kg) 

RESIDUE  =  mg  herbicide  per  gram  food 

AMT  =  amount  of  diet  item  consumed 
(400  g) 

BWT  =  body  weight  of  person;  assumed  to 
be  50  kg 


Eating  Fish.  To  illustrate  the  method  used  to  deter- 
mine human  dietary  exposures  from  consuming  fish 
contaminated  with  herbicides,  the  following  exam- 
ple is  provided  for  a  routine-realistic  aerial  operation 
on  forests  using  atrazine: 

The  first  step  is  to  calculate  the  herbicide  concen- 
tration per  pound  applied  in  a  water  body  4  feet 
deep.  According  to  Table  E4-2,  the  value  of  drift  to 
water  from  realistic  aerial  applications  is  2.000 
mg/m4.  The  concentration  of  herbicide  in  a  pond  4 
feet  deep  per  pound  applied  per  acre  is: 


2.000  mg 

2 


m 


1 

4  ft 


0.001  m3 
L 


x        ft 
0.305  m 

-3 


1.64  x  10"°  mg/L 


The  concentration  of  atrazine  is  adjusted  for  the 
4-lb/acre  application  rate  on  forests: 

0.00164  mg/L  x  4.00  =  0.00656  mg/L 

The  concentration  in  the  fish  is  based  on  the  bioc- 
oncentration  factor  of  atrazine.  This  assumes  that  a 


fish  accumulates  5  mg  of  atrazine  per  kilogram  body 
weight  for  every  1  mg  in  water  and  is  calculated  as 
follows: 

0.00656  mg/L  x  5  mg/kg  =  0.0328  mg/kg 

The  dose  to  a  50-kg  human  based  on  consumption 
of  0.4  kg  of  fish  is: 


(0.0328  mg/kg  x  0.4  kg) 
50  kg 


0.00026  mg/kg 


Workers'  Doses  From  Routine 
Operations 

Herbicide  doses  to  workers  involved  in  routine 
operations  were  estimated  using  8  herbicide  applica- 
tion scenarios:  4  routine-realistic  and  4  routine- 
worst  case  scenarios.  For  each  application  scenario, 
worker  categories  were  chosen  to  represent  the 
normal  range  of  work  activities  in  terms  of  potential 
herbicide  exposure.  These  are  summarized  in  Table 
E4-4.  Other  categories  of  workers  may  experience 
less  exposure,  but  no  category  of  workers  in  the  field 
is  expected  to  experience  greater  exposure  than  the 
types  of  workers  considered  in  this  analysis. 

Table  E4-4 
Worker  Exposure  Categories 


Application 


Workers 


Aerial 

Backpack 

Ground  Mechanical 

Hand 


Pilot 

Mixer-loader 
Fuel  truck  operator 

Applicator 

Applicator 

Mixer-loader 

Applicator/mixer-loader 

Applicator 


Worker  Categories  and  Calculations  in 
Routine  Operations 

Worker  dose  levels  were  extrapolated  directly 
from  worker  doses  determined  by  urine  analysis  in 
field  studies  of  actual  herbicide  treatment  opera- 
tions. Because  the  field  studies  showed  what  dose 
levels  are  experienced  in  actual  operations,  they 
were  considered  the  most  appropriate  basis  for  esti- 
mating the  doses  to  BLM  herbicide  applicators 
involved  in  the  same  or  similar  vegetation  manage- 
ment practices.  Those  studies  are  discussed  in  the 
next  subsection. 


E4-9 


SECTION  E4  -  EXPOSURE  ANALYSIS 


Dose  estimates  were  scaled  to  the  anticipated 
work  hours  and  herbicide  application  rates  specified 
in  each  of  8  application  scenarios. 


Routine-realistic.  To  estimate  routine-realistic 
worker  doses,  the  analysis  used  average  dose  levels 
found  by  urine  analysis  in  field  studies  of  workers 
exposed  while  spraying  2,4-D  using  the  same  appli- 


cation method.  Nominal  dose  levels  in  milligrams  of 
herbicide  received  per  kilogram  of  body  weight 
(mg/kg)  for  workers  in  each  category  were  derived 
from  these  average  dose  levels  by  dividing  by  the 
field  study  acreage  and  application  rate. 

Typical  application  rates  for  the  routine  dose  sce- 
narios are  listed  in  Table  E4-5. 


Table  E4-5 
Typical  Herbicide  Application  Rates  for  BLM  Vegetation  Treatment  Programs 


Application 

Rate  (pounds  active 

ingredient/acre) 

Public- Domain 

Oil  and 

Recreation  and 

Herbicide 

Rangeland 

Forest  Land 

Gas  Sites 

Rights-of-Way 

Cultural  Sites 

Amitrole1 

2 

2 

4 

2 

Atrazine 

1 

4 

10 

4 

1 

Bromacil 

— 

— 

8 

8 



Chlorsulfuron 

— 

0.125 

0.141 

0.141 

0.125 

Clopyralid 

0.5 

— 

12 

12 



2,4-D 

4 

4 

4 

4 

3 

Dalapon2 

3 

4 

4 

4 

4 

Dicamba 

4 

4 

8 

4 

4 

Diuron 

— 

— 

10 

4 



Glyphosate 

4 

2 

4 

4 

4 

Hexazinone 

0.67 

2 

4 

2 

2 

Imazapyr 

1 

1.5 

1.5 

1.5 

1.5 

Mefluidide 

— 

— 

0.25 

0.25 



Metsulfuron  methyl 

— 

— 

0.075 

0.075 



Picloram 

2 

2 

3 

3 

2 

Simazine 

— 

4 

10 

4 

1 

Sulfometuron  methyl 

— 

— 

0.563 

0.563 

— 

Tebuthiuron 

0.5 

1.5 

8 

1.5 

0.5 

Triclopyr 

1.5 

2 

4 

4 

1.5 

Carriers 

Diesel  oil 

2 

2 

2 

2 

2 

Kerosene 

2 

2 

2 

2 

2 

1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 


Doses  for  each  worker  category  were  estimated 
by  extrapolating  from  the  average  dose  levels  found 
in  field  studies  of  workers  exposed  to  2,4-D  using 
the  same  application  method.  The  following  steps 
were  involved: 

(1)  The  average  dose  observed  in  the  2,4-D  field 
study  was  expressed  in  terms  of  dose  (mg/kg) 
per  pound  of  active  ingredient  applied. 

(2)  The  typical  number  of  acres  treated  was  mul- 
tipled  by  the  herbicide's  typical  application  rate 
to  determine  the  number  of  pounds  of  active 
ingredient  used  in  the  scenario. 


(3)  The  herbicide-specific  dose  was  determined  by 
multiplying  the  pounds  of  herbicide  applied  by 
the  dose  of  2,4-D  per  pound  of  2,4-D  applied  for 
that  worker  category  in  the  field  studies  and 
then  adjusting  for  the  particular  herbicide's  der- 
mal penetration  rate.  The  dermal  penetration 
rates  used  in  the  analysis  were  6  percent  for 
2,4-D  (Feldman  and  Maibach  1974),  0.48  per- 
cent for  picloram  (Lavy  et  al.  1984),  5  percent 
for  dicamba  (Draper  and  Street  1982),  0.1  per- 
cent for  amitrole,  and  10  percent  for  the  other 
eighteen  herbicides  and  carriers  (USDA  1984). 
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The  aerial,  ground  mechanical,  and  backpack 
worker  doses  were  calculated  for  each  herbicide  and 
each  scenario  using  the  following  equation: 


DOSE 

where: 
DOSE 


STDOSE  x  RATE 
x  ACRES  x  DPRCF 


dose  to  worker  in  mg/kg 


STDOSE  =  dose  from  field  study  with  2,4-D 
(reported  in  Table  E4-6) 


RATE  =  application  rate  for  the  herbicide 
from  Table  E4-5 

ACRES  =  the  number  of  acres  treated  in 
1  day  for  the  scenarios  from 
Table  E4-7 

DPRCF  =  the  dermal  penetration  rate 

correction  factor  derived  from  the 
ratio  of  the  dermal  penetration 
rate  of  the  herbicide  to  the 
dermal  penetration  rate  of  2,4-D 
(6  percent) 


Table  E4-6 

Doses  From  Worker  Exposure  Studies  With  2,4-D  Used  to 
Calculate  Doses  to  BLM  Workers 


Dose  (mg/kg  per  pound  active  ingredient 

applied) 

Application 

Worker 

Realistic 

Worst  Case 

Aerial 

Pilot 

Mixer-loader 

Fuel  truck  operator 

7.55x10-5 
1.08x10-4 
2.43  x10'6 

2.511  xlO-4 
3.201  x10"4 
7.75  x10"6 

Backpack 

Applicator 

7.5639X10"2 

1.895  x10"1 

Ground  Mechanical 

Applicator 

Mixer-loader 

Applicator/mixer-loader 

1.71  x10"4 
1.74x10-4 
2.40x10-4 

7.95x10-4 
3.30x10-4 
4.46x10-4 

Hand 

Applicator 

2.85  x10"2 

4.78x10-2 

An  example  calculation  using  this  equation  fol- 
lows for  a  pilot's  dose  of  amitrole  under  the  routine- 
realistic  aerial  rangeland  scenario: 

7.55  X  10-5  mg/kg/lb  applied 
x  2.0  lb/acre  x  320  acres/day 
x  (0.1/6)  =  0.00081  mg/kg/day 

Worker  doses  for  hand  application  methods  were 
calculated  using  the  following  equation: 

DOSE  =  (STDOSE/STHRS)  x 
(LBGAL/STLBGAL)  x 
HRS  x  DPRCF 

DOSE  =  dose  to  worker  in  mg/kg 

STDOSE  =  dose  from  field  study  with  2,4-D 

STHRS  ■  number  of  hours  worker  in  study 
applied  2,4-D 

LBGAL  =  pounds  of  active  ingredient  per 
gallon  of  herbicide  (Table  E4-8) 

STLBGAL  =  pounds  of  2-4.D  applied  by 
workers  in  study 

HRS  =  number  of  hours  per  day  worker 
applies  herbicide  in  scenario 


DPRCF  =  the  dermal  pentration  rate 

correction  factor  derived  from  the 
ratio  of  the  dermal  penetration 
rate  of  the  herbicide  to  the 
dermal  pentration  rate  of  2,4-D 
(6  percent) 

An  example  calculation  using  the  equation  for  a 
worker  applying  amitrole  by  the  hack-and-squirt 
method  in  the  routine  realistic  scenario  is  as  follows: 

DOSE  =  (0.0285  mg/kg/day/6  hours) 

x  (2  lb/gal)/(3.34  lb  2,4-D/gal) 
x  6.4  hours/day  x  (0.1/6) 
=  0.0003  mg/kg/day 


Routine-Worst  Case.  Routine-worst  case  worker 
doses  were  estimated  for  the  same  worker  catego- 
ries used  in  the  routine-realistic  scenarios.  However, 
the sitesize, application  rate,  equipmenttype,  meteo- 
rological conditions,  and  duration  of  exposure  used 
were  those  that  would  lead  to  the  highest  levels  of 
exposure  in  herbicide  treatment  operations.  Her- 
bicide-specific dose  levels  in  the  routine-worst  case 
scenarios  were  again  derived  from  the  worker  field 
studies  and  weighted  for  application  rate  and  hours 
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Table  E4-7 
Acres  Treated  per  Day  for  Worker  Exposure  Scenarios 

Acres  Treated 


Program 

Scenario 

Realistic 

Worst  Case 

Rangeland 

Aerial 

320 

640 

Backpack 

2 

4 

Ground  Mechanical 

60 

100 

Hand1 

— 

— 

Public-Domain 

Aerial 

50 

200 

Forest  Land 

Backpack 

2 

4 

Ground  Mechanical 

25 

100 

Hand 

2 

4 

Oil  and  Gas  Sites 

Aerial 

50 

100 

Backpack 

2 

4 

Ground  Mechanical 

20 

50 

Hand 

2 

4 

Rights-of-Way 

Aerial 

50 

300 

Backpack 

2 

4 

Ground  Mechanical 

25 

50 

Hand 

2 

4 

Recreation  and 

Aerial2 

— 

— 

Cultural  Sites 

Backpack 

2 

4 

Ground  Mechanical 

10 

20 

Hand 

2 

4 

1  Hand  applications  are  not  used  on  BLM-managed  rangeland. 

2  Aerial  applications  are  not  used  on  BLM-managed  recreation  and  cultural  sites. 


exposed,  but  here  the  97.5  or  95  percentile  of  the 
field  study  doses  were  used  for  extrapolating  to  the 
nominal  dose  in  mg/kg/hour  for  a  1 -lb/acre  applica- 
tion rate.  Application  rates  used  in  the  routine-worst 
case  scenarios  are  listed  in  Table  E4-9. 


Field  Studies  of  Worker  Exposure  to 
2,4-D 

Field  studies  of  the  exposures  and  resultant  doses 
of  workers  using  a  variety  of  application  equipment 
have  been  conducted  on  2,4-D  by  Lavy  et  al.  (1982), 
Lavy  et  al.  (1984),  Lavy  et  al.  (1987),  Nash  et  al. 
(1982),  and  Franklin  et  al.  (1982).  Lavy  et  al.  (1982) 
monitored  three  helicopter  spray  crews  for  worker 
exposure  to  2,4-D  using  portable  air  filters,  denim 
patches,  and  urine  analysis  on  two  separate  spray- 
ing dates;  the  first  observing  normal  precautions,  the 
second  using  special  protective  clothing  and  proce- 
dures. Nash  et  al.  (1982)  monitored  exposure  of 
workers  to  2,4-D  during  aerial  spraying  in  Washing- 
ton and  ground  spraying  in  North  Dakota  under  nor- 
mal spray  conditions  (that  is,  without  special  precau- 
tions). 


Lavy  et  al.  (1984)  investigated  herbicide  exposure 
to  four  spraying  crews  of  20  workers  each,  monitor- 
ing urine  levels  over  two  5-day  periods.  In  Lavy  et 
al.  (1987),  similiar  studies  were  performed  on  for- 
estry ground  workers  using  backpack,  injection  bar, 
hypohatchet,andhack-and-squirtequipmenttocon- 
trol  unwanted  vegetation. 

Franklin  et  al.  (1982)  estimated  worker  exposure 
in  pasture  brush  clearing  operations  in  Saskatche- 
wan using  techniquessimilarto  Lavy  etal.  Urine  sam- 
ples were  collected  from  personnel  who  conducted 
operations  on  3  of  4  consecutive  days. 

All  of  the  typical  doses  extrapolated  from  the 
worker  studies  above  are  based  on  work  crews  wear- 
ing protective  clothing  and  taking  special  precau- 
tions against  exposure.  Doses  for  extreme  worker 
exposure  assumed  that  no  protective  clothing  was 
worn  and  no  special  precautions  were  taken.  Doses 
from  the  worker  studies  that  were  used  to  calculate 
exposures  are  in  Table  E4-6. 


E4-12 


SECTION  E4  -  EXPOSURE  ANALYSIS 


Effects  of  the  Use  of  Protective  Clothing 

The  use  of  protective  clothing  can  substantially 
reduce  worker  doses,  as  shown  in  field  studies  of 
worker  exposure,  and  thereby  increase  their  mar- 
gins of  safety.  Protective  clothing  can  reduce  worker 
exposures  by  27  to  99  percent,  as  shown  in  a  number 
of  relevant  field  studies.  Realistic  exposures  were 
computed  assuming  protective  clothing  is  worn.  The 
calculated  worst  case  doses  were  based  on  the 
assumption  that  workers  work  with  bare  hands  and 
wear  ordinary  work  clothing,  such  as  cotton  pants 
and  short-sleeve  shirts.  BLM  requires  employees 
applying  herbicides  to  wear  clothing  that  affords 
more  protection.  Typical  protective  clothing  often 
includes  long-sleeve  shirts  or  coveralls,  gloves,  and 
hats. 


Research  has  shown  that  such  protective  clothing 
can  su  bstantial  ly  red  uce  worker  exposu  re.  For  exam- 
ple, in  right-of-way  spraying,  doses  received  by 
spray  gun  applicators  wearing  clean  coveralls  and 
gloves  were  reduced  by  68  percent  compared  to 
doses  without  this  protection  (Libich  et  al.  1984). 
During  an  aerial  spraying  operation,  mixer-loaders 
wearing  protective  clothing  reduced  their  exposure 
by  27  percent  and  other  crew  members  reduced  their 
exposure  by  58  percent  compared  to  the  levels 
observed  without  precautions  (Lavy  et  al.  1982). 

During  insecticide  applications  to  orchards,  mix- 
ers reduced  their  exposure  by  35  percent  and  spray- 
ers reduced  their  exposure  by  49  percent  by  wearing 
coveralls  (Davies  et  al.  1982).  Putnam  and  co-work- 
ers found  that  nitrofen   applicators  and   mixer- 


Table  E4-8 

Maximum  Herbicide  Concentrations  in 
Concentrate,  Drums,  and  Batch  Trucks 


Herbicide  Content 

(pounds 

>  active  ingredient) 

Gallon 

50-Gallon 

2,000-Gallon 

Herbicide 

Concentrate 

Drum 

Batch  Truck 

Amitrole 

2 

100 

800 

Atrazine 

4 

200 

800 

Bromacil 

4 

200 

400 

Chlorsulfuron 

4 

200 

4,000 

Clopyralid 

4 

200 

4,000 

2,4-D 

4 

200 

800 

Dalapon 

— 1 

— 

300 

Dicamba 

4 

200 

800 

Diuron 

4 

200 

640 

Glyphosate 

3 

150 

1,000 

Hexazinone 

2 

100 

600 

Imazapyr 

4 

200 

4,000 

Mefluidide 

4 

200 

4,000 

Metsulfuron  methyl 

4 

200 

4,000 

Picloram 

2 

100 

1,000 

Simazine 

4 

200 

1,000 

Sulfometuron  methyl 

4 

200 

4,000 

Tebuthiuron 

— 1 

— 

1,200 

Triclopyr 

4 

200 

1,600 

Carriers 

Diesel  oil 

2 

100 

1,000 

Kerosene 

2 

100 

1,000 

1  BLM  does  not  purchase  liquid  formulations  of  dalapon  and 
tebuthiuron. 

Note:  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and 
examined  additional  data.  BLM  has  determined  that  amitrole  is  no 
longer  considered  for  proposed  use  in  this  document.  Amitrole  will 
be  deleted  in  the  Record  of  Decision.  Dalapon  -  Since  drafting  this 
document,  producers  are  no  longer  manufacturing  formulations 
registered  for  proposed  use.  Therefore,  dalapon  is  no  longer 
considered  for  use. 
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Table  E4-9 
Maximum  Herbicide  Application  Rates  for  BLM  Vegetation  Treatment  Programs 


Application  Rate  (pounds  active 

ingredient/acre) 

Public- Domain 

Oil  and 

Recreation  and 

Herbicide 

Rangeland 

Forest  Land 

Gas  Sites 

Rights-of-Way 

Cultural  Sites 

Amitrole1 

2 

2 

9.9 

9.9 

Atrazine 

1 

4 

40 

40 

1 

Bromacil 

— 

— 

16 

16 

Chlorsulfuron 

— 

0.125 

0.141 

0.141 

0.125 

Clopyralid 

0.5 

— 

12 

12 

2,4-D 

6 

8 

4 

4 

3 

Dalapon2 

3 

4 

22 

22 

4 

Dicamba 

3 

4 

8 

8 

8 

Diuron 

— 

— 

32 

32 

Glyphosate 

5 

3 

4 

4 

5 

Hexazinone 

0.67 

3 

10.8 

10.8 

3 

Imazapyr 

1 

1.5 

1.5 

1.5 

1.5 

Mefluidide 

— 

— 

0.25 

0.25 

Metsulfuron  methyl 

— 

— 

0.075 

0.075 



Picloram 

2 

2 

3 

3 

2 

Simazine 

— 

4 

10 

10 

4 

Sulfometuron  methyl 

— 

— 

0.563 

0.563 

Tebuthiuron 

4 

5 

16 

16 

4 

Triclopyr 

1.5 

4 

8 

8 

1.5 

Carriers 

Diesel  oil 

2 

2 

2 

2 

2 

Kerosene 

2 

2 

2 

2 

2 

1  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

2  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 


loaders  wearing  protective  clothing  reduced  their 
exposure  by  94  to  99  percent  compared  to  the  doses 
experienced  without  protection  (Waldron  1985).  Al- 
though protective  clothing  generally  reduces 
worker  exposure  and  resulting  doses,  the  degree  of 
protection  depends  on  the  application  system,  the 
work  practices,  and  the  specific  herbicide.  In  one 
case,  workers  wearing  protective  clothing  did  not 
receive  significantly  lower  doses  than  workers  with 
less  clothing  (Lavy  et  al.  1984).  In  this  case,  back- 
pack applicators  had  to  treat  and  move  through 
dense  vegetation  that  was  taller  than  themselves. 

Most  exposure  to  herbicide  applicators  is  dermal, 
not  inhalation  (Kolmodin-Hedman  et  al.  1983),  so 
the  use  of  respirators  is  only  minimally  effective  in 
reducing  exposure.  The  hands  are  the  site  of  the 
greatest  potential  herbicide  exposure,  and  rubber 
gloves  are  generally  quite  effective  in  preventing 
exposure  to  hands  (Putnam  et  al.  1983). 

Based  on  a  review  of  the  field  studies,  protective 
clothing  was  found  to  reduce  worker  doses  by  the 
following  amounts: 


Type  of  Worker 

(1)  Aerial  application 
pilot 

(2)  Aerial  application 
mixer-loader 

(3)  Backpack  applicators 

(4)  Mechanical  ground 
applicator 

(5)  Mechanical  ground 
mixer-loader 

(6)  Mechanical  ground 
mixer-loader/ 
applicator 

(7)  Hack-and-squirt  and 
spot  gun  applicators 


Percentage 

Reduction 

in  Dose 

57.1 

27.1 
68.8 

68.1 

27.1 

48.4 
57.6 
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Estimation  of  Doses  to  Workers 
and  the  Public  From  Accidents 

The  following  scenarios  were  used  to  estimate  the 
doses  that  would  result  from  exposure  to  high 
amounts  of  herbicide  that  could  occur  in  accidents. 


Accidental  Spraying 

In  this  scenario  a  person  is  accidentally  sprayed 
with  herbicide  because  they  are  beneath  a  spray  air- 
craft. Contact  with  just-sprayed  vegetation  resulting 
in  dermal  doses  to  hikers  and  berry-pickers  is  also 
evaluated. 

To  calculate  the  dose  to  a  person  directly  sprayed 
at  the  full  per-acre  application  rate,  the  maximum 
application  rates  shown  in  Table  E4-9  were  con- 
verted to  milligrams  per  square  feet  (mg/ft2).  It  is 
assumed  that  2  square  feet  of  human  skin  are 
exposed  (Dost  1983). 

For  example,  the  maximum  application  rate  of  ami- 
trole  in  any  scenario  is  9.9  pounds  of  active  ingre- 
dient per  acre  (lb  a.i./acre).  This  can  be  converted 
to  mg/ft2): 

9.9  lb  a.i./acre  x  453,600  mg/lb  x  acre/43,539  ft2 
=  103.1  mg/ft2 

If  2  square  feet  of  skin  were  exposed  on  a  50  kg 
person,  the  surface  deposit  would  be  206.2  mg. 

The  absorbed  dose  must  consider  the  dermal 
penetration  rate:  206.2  mg  x  0.001  (dermal  penetra- 
tion rate)  =  0.206  mg  absorbed.  This  is  equivalent  to 
a  dose  of  0.004  mg/kg. 

Reentry  exposure  to  the  public  is  estimated  assum- 
ing a  hiker  walks  through  a  treated  area  after  an  oper- 
ation has  been  completed,  even  though  the  area  is 
posted.  Reentry  exposure  is  also  calculated  for  an 
individual  who  picks  berries  for  4  hours  in  a  treated 
area,  even  though  the  area  is  posted. 

Accidental  dietary  exposure  is  derived  by  assum- 
ing that  an  individual  eats  berries  that  have  been 
directly  sprayed,  rather  than  food  items  receiving 
only  spray  drift,  or  fish  taken  from  directly  sprayed 
water  bodies,  or  who  drinks  water  from  those  water 
bodies. 


Spills 

Members  of  the  public  may  receive  herbicide  expo- 
sure by  way  of  drinking  water  if  a  load  of  herbicide 
mixture  is  spilled  or  if  a  container  of  herbicide  con- 
centrate breaks  open  and  spills  into  a  drinking  water 
supply.  Workers  may  spill  concentrate  or  prepared 
spray  mixture  on  their  skin  during  mixing,  loading, 


or  spraying  operations,  or  be  doused  when  a  transfer 
hose  breaks. 

Accidental  ingestion  doses  were  estimated  by 
modeling  the  dilution  of  herbicide  concentrate  or 
mixture  in  a  body  of  water  of  a  given  size.  Accidental 
dermal  doses  were  derived  from  modeling  the  der- 
mal penetration  of  herbicide  concentrate  or  mixture 
for  direct  exposures. 

An  individual  receives  an  accidental  ingestion 
exposure  resulting  from  a  major  spill  by  drinking 
water  from  a  pond  that  has  been  contaminated  by 
a  dump  of  80  gallons  of  herbicide  mix  as  from  a  heli- 
copter, or  2,000  gallons  of  spray  mix  from  a  batch 
truck.  Two  thousand  gallons  is  approximately  the 
largest  amount  of  spray  mix  that  might  be  carried 
by  a  tank  truck  supplying  a  largeaerial  spraying  oper- 
ation. Eighty  gallons  is  approximately  the  largest 
load  that  can  be  carried  by  the  types  of  helicopters 
used  in  the  13  Western  States.  The  maximum  herbi- 
cide concentrations  in  drums  and  batch  trucks  are 
shown  in  Table  E4-8.  The  pond  is  assumed  to  be  0.25 
acre  in  area  and  4  feet  deep  and  to  have  no  inflow 
or  outflow.  A  person  is  assumed  to  drink  2  liters  of 
water  after  complete  mixing  has  occurred. 

Direct  dermal  exposures  were  calculated  for  spills 
of  0.5  liter  of  herbicide  concentrate  (if  liquid  concen- 
trates are  used)  or  0.5  liter  of  the  most  concentrated 
spray  mixture.  The  person  exposed  during  the  spill 
is  assumed  to  weigh  50  kilograms,  and  most  of  this 
person's  surface  area  (1.36  m2  or  14.6  ft )  is  thor- 
oughly wetted  by  the  solution.  Denim  fabric  com- 
monly used  in  clothing  retains  about  57.5  milliliters 
of  sol  ution  per  sq  uare  f  oot  (Weeks  1 985) ,  and  absorp- 
tion of  herbicide  through  the  cloth  was  calculated 
as  before,  based  on  Newton  and  Norris  (1981).  How- 
ever, 20  percent  of  the  solution  was  assumed  to  wet 
bare  skin.  A  spill  resulting  in  this  exposure  could 
result  from  broken  hoses,  spilled  containers,  oremer- 
gency  and  accidental  dumps  by  helicopters. 


Estimation  of  Lifetime  Doses  to  the 
Public  and  Workers 

Lifetime  exposures  to  the  public  for  2,4-D,  piclo- 
ram,  amitrole,  atrazine,  bromacil,  glyphosate,  sima- 
zine,  kerosene,  and  diesel  oil  were  derived  by  as- 
suming that  a  realistic  estimate  would  be  four 
exposures  per  year  for  5  years.  The  average  expo- 
sure was  assumed  to  be  a  sum  of  95  percent  of  the 
realistic  dose  and  5  percent  of  the  worst  case  dose. 

Doses  used  in  the  cancer  risk  analysis  for  the  ten 
chemicals  werederived  by  combining  available  infor- 
mation on  the  number  of  days  per  year  an  individual 
worker  may  spray  an  herbicide  using  a  particular 
application  method  and  estimates  of  the  expected 
daily  dose  and  the  number  of  years  of  employment. 
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Two  expected  daily  doses  were  calculated  based  on 
the  worst  case  dose  and  the  realistic  dose  in  all  rou- 
tine scenarios.  The  realistic  cases  assume  that  work- 
ers are  employed  in  pesticide  application  for  10 
years. 

The  expected  daily  dose  for  a  worker  was 
assumed  to  be  equal  to  the  sum  of  90  percent  of  the 
realistic  dose  and  10  percent  of  the  worst  case  dose. 
Average  numbers  of  exposures  per  lifetime  were 
used  with  expected  daily  doses  for  each  scenario  to 
derive  lifetime  doses.  Lifetime  doses  were  derived  by 
multiplying  expected  daily  dose  levels  estimated  in 
worker  scenarios  by  estimates  of  the  highest 
number  of  days  a  worker  is  likely  to  be  engaged  in 
the  particular  type  of  application  method.  Exposures 
per  lifetime  in  the  realistic  scenarios  were  estimated 
to  be  the  following:  aerial,  60;  right-of-way,  90;  back- 
pack, 100;  and  hand  application,  140. 


Effect  of  Body  Size  on  Exposure 

All  doses  estimated  in  the  exposure  analysis  were 
calculated  for  a  representative  50-kg  person.  This 
weight  was  chosen  to  represent  an  adult  of  less  than 
average  weight,  so  that  doses  to  adults  would  be  cal- 
culated in  a  conservative  manner.  Doses  for  a  larger 
person  would  be  less  in  terms  of  milligrams  per  kil- 
ograms (mg/kg)  of  body  weight.  For  example,  a 
70-kg  person  would  receive  approximately  25  per- 
cent more  herbicide  than  a  50-kg  person  by  dermal 
exposure  because  of  that  person's  greater  surface 
area.  A  70-kg  person  would  also  receive  an  average 
of  about  25  percent  more  herbicide  by  dietary  expo- 
sure routes  because  both  metabolic  rate  and  dietary 
intake  are  related  to  body  surface  area,  which  is 
approximately  proportional  to  body  weight  raised  to 
the  2/3  power: 


(70)2/3 
(50)2/3 


1.25 


However,  a  70-kg  person  also  has  a  body  weight 
greater  than  a  50-kg  person,  by  a  greater  factor: 


70 
50 


1.4 


The  combined  effect  of  these  two  factors  is  that 
a  70-kg  person  will  receive  a  dose  in  mg/kg  that  is 
only  89  percent  as  great  as  for  a  50-kg  person. 

Conversely,  smaller  people  can  be  expected  to 
receive  greater  doses  in  terms  of  mg/kg  body 
weight.  A  20-kg  child  will  receive  only  about  54  per- 
cent as  much  herbicide  as  a  50-kg  person,  but  the 
child's  weight  is  only  40  percent  as  great.  The  net 
effect  is  that  a  20-kg  child  will  receive  a  dose  that 
is  approximately  35  percent  greater  in  terms  of 
mg/kg  than  it  would  be  for  a  50-kg  person. 


EXPOSURE  ANALYSIS 
RESULTS 

This  subsection  discusses  the  results  of  the  expo- 
sure analysis.  Doses  to  the  public  and  workers  esti- 
mated for  routine  operations  and  for  accidents  are 
summarized  here. 


Doses  to  the  Public 

In  comparing  the  doses  received  by  the  public  or 
workers,  the  reader  must  be  cautioned  that  even 
though  one  herbicide  may  be  received  at  a  higher 
dose  than  another  herbicide,  it  does  not  necessarily 
mean  that  the  expectation  of  injury  is  greater.  Chem- 
ical toxicity  is  a  function  of  the  dose  of  chemical  re- 
ceived and  the  particular  toxicological  properties  of 
the  chemical  in  question.  For  example,  while  chem- 
ical A  may  be  received  at  a  dose  10  times  higher  than 
chemical  B,  chemical  A  may  be  100  times  less  toxic 
than  chemical  B  and  therefore  present  less  possibil- 
ity of  injury. 

In  a  broad  overview,  the  herbicidedosesto  the  pub- 
lic are  generally  much  lower  than  those  received  by 
the  workers,  as  would  be  expected.  Also,  as  would 
be  expected  from  the  terms  used  in  this  exposure 
assessment,  herbicide  doses  that  are  received  from 
worst  case  situations  are  greater  than  herbicide 
doses  received  during  realistic  exposures.  Acci- 
dental doses  are  much  greater  than  worst  case 
doses. 

The  scenario  that  presents  the  lowest  doses  to  the 
public  is  the  one  involving  recreational  and  cultural 
site  exposures.  This  is  because  lower  herbicide  appli- 
cation rates  are  used  on  these  sites  than  on  other 
sites.  Highest  public  exposures  to  herbicides  are 
found  on  the  oil  and  gas  sites,  as  well  as  the  rights- 
of-way;  the  highest  herbicide  application  rates  can 
be  found  on  these  sites. 

The  doses  to  a  member  of  the  public  who  should 
happen  to  walk  through  a  recently  sprayed  area  are 
extremely  small.  The  greatest  possible  dose  to  a 
person  would  be  expected  from  the  worst  case  expo- 
sure in  an  oil  and  gas  or  right-of-way  site  because 
these  are  the  sites  where  the  highest  application  rate 
is  used. 

Depending  upon  the  chemical  and  scenario  in 
question,  the  estimated  doses  resulting  from  vegeta- 
tion contact  for  a  berrypicker  or  the  estimated  doses 
from  consuming  contaminated  fish  are  generally  the 
highest  doses.  In  descending  order,  doses  resulting 
from  drinking  contaminated  water  are  generally  fol- 
lowed by  eating  contaminated  berries,  and  these  are 
both  followed  by  dermal  exposure  to  herbicides  due 
to  spray  drift. 
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Herbicide  doses  resulting  from  aerial  spraying  are 
generally  higher  than  doses  received  from  either 
backpack  or  mechanical  ground  application  of  her- 
bicides. This  is  a  function  of  the  greater  expected 
herbicide  drift  from  aerial  application.  The  dose 
received  is  also  linked  to  the  assumed  buffer  strip 
between  application  area  and  receptor.  While  the 
drift  from  aerial  spraying  is  greater  than  other  appli- 
cation methods,  the  incorporation  of  larger  buffer 
strips  during  aerial  applications  helps  to  reduce  the 
impact  of  drift  from  these  operations. 

Herbicide  doses  that  are  received  through  multi- 
ple exposures  are  greater  than  those  doses  that  are 
received  individually.  The  berrypicker  usually  re- 
ceives the  greatest  dose  from  multiple  herbicide 
exposures.  However,  depending  upon  the  particular 
herbicide  and  scenario,  the  angler  may  receive  a 
higher  dose. 


Doses  to  Workers 

As  was  previously  stated,  the  herbicide  doses 
received  by  workers  are  generally  greater  than  those 
received  by  the  public.  Also,  the  doses  received 
under  worst  case  scenarios  are  greater  than  those 
doses  received  under  realistic  scenarios. 

In  routine-realistic  aerial  application  situations, 
mixer-loaders  will  receive  the  greatest  herbicide 
exposure.  This  is  because  they  have  more  contact 
with  herbicide  concentrates  and  mixtures  than  other 
aerial  crew  workers.  The  mixer-loader  exposures  are 
less  than  those  of  the  pilot  exposures.  Fuel  truck 
operators  are  predicted  to  have  the  least  exposure 
to  herbicides.  Under  the  routine-worst  case  aerial 
application  scenarios,  the  relative  doses  are  the 
same:  mixer-loaders  greater  than  pilots  greater  than 
fuel  truck  operators. 

Predicted  doses  are  generally  greatest  for  those 
scenarios  in  which  larger  numbers  of  acres  may  be 
sprayed,  such  as  rangeland  or  forests.  However, 
depending  upon  the  particular  herbicide,  an  aerial 
crew  member's  predicted  dose  may  be  greater  under 
the  right-of-way  or  oil  and  gas  sites  scenarios;  even 
though  the  acreage  sprayed  in  these  situations  is 
much  less,  the  application  rate  is  higher  and  may  out- 
weigh the  relative  difference  in  acreage  sprayed. 

The  doses  that  mechanical  ground  application 
crews  receive  under  routine-realistic  scenarios  are 
generally  lower  than  the  doses  aerial  crews  receive. 
Mechanical  ground  crew  applicators  and  mixer- 
loaders  receive  approximately  the  same  herbicide 
dose,  while  a  person  who  performs  the  role  of 
applicator/mixer-loader  is  predicted  to  receive 
greater  herbicide  doses  than  either  a  mixer-loader 
or  applicator.  In  the  worst  case  scenarios,  the  appli- 


cator doses  are  greater  than  both  the  mixer-loader 
and  the  applicator/mixer-loader,  and  the  mixer- 
loader  will  receive  the  smallest  dose  of  the  three 
types  of  crew  members.  Generally  speaking,  the 
doses  received  by  the  ground  crew  members  under 
worst  case  conditions  will  be  greater  than  the  aerial 
crew  under  worst  case  doses. 

Backpack  application  crew  members  will  receive 
herbicide  doses  similar  to  those  of  the  mechanical 
ground  application  crew  members,  under  routine 
realistic  situations.  Under  worst  case  considera- 
tions, the  backpack  herbicide  applicators  will  often 
receive  approximately  10  times  less  herbicide  dose 
than  the  least  exposed  ground  crew  member,  the 
mixer-loader. 

Hand  application  crews  generally  receive  herbi- 
cide doses  that  are  similar  to,  but  slightly  greater 
than,  aerial  crew  members  under  routine-realistic 
scenarios.  Under  worst  case  circumstances,  the 
doses  these  workers  may  receive  is  likely  to  be 
increased  by  a  factor  of  approximately  three.  This 
increase  is  much  less  than  the  increase  potentially 
experienced  by  other  application  crew  members, 
which  may  be  a  factor  of  10  or  more  in  many  cases. 


Doses  From  Accidental  Exposures 
to  Herbicides 

The  accidental  herbicide  exposures  that  are  pre- 
sented in  this  exposure  assessment  predict  that  sig- 
nificant herbicide  doses  could  be  received  in  such 
events.  In  many  cases,  the  accidental  herbicide 
doses  the  public  receives  are  similar  to  the  doses 
workers  receive  under  their  assumed  worst  case  sit- 
uations. An  accidental  spill  of  an  herbicide  concen- 
trate onto  a  worker's  clothing  and  skin  produces  the 
largest  estimated  dose  resulting  from  an  accident. 
The  smallest  calculated  accidental  dose  comes  from 
the  accidental  entry  by  a  person  into  an  area  that 
has  just  received  an  herbicide  spray;  this  dose  is  sim- 
ilar to  the  doses  aerial  crew  members  typically 
receive  under  routine  realistic  situations.  Accidental 
herbicide  doses,  except  those  associated  with  the 
consumption  of  herbicide  from  water,  are  similar  to 
the  doses  that  a  worker  might  receive  in  many  instan- 
ces. 

The  accidental  consumption  of  contaminated 
water  can  lead  to  high  herbicide  doses.  Since  the  her- 
bicide concentration  is  the  same  in  the  assumed  heli- 
copter jettison  into  a  reservoir  and  a  batch  truck  spill 
into  a  similar  reservoir,  the  difference  in  the  potential 
dose  is  caused  by  the  much  larger  volume  of  herbi- 
cide the  truck  could  potentially  spill,  2,000  gallons 
versus  80  gallons  by  the  helicopter. 
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This  section  analyzes  the  risks  to  the  health  of 
members  of  the  public  and  workers  that  may  result 
from  exposure  to  any  of  the  herbicides  or  carriers 
proposed  for  use  on  BLM-managed  lands  in  the  13 
Western  States.  The  analysis  uses  the  human  expo- 
sure levels  estimated  in  Section  E4  and  the  labo- 
ratory-determined toxicity  reference  levels  describ- 
ed in  Section  E3. 

The  first  subsection  describes  the  methods  used 
to  evaluate  human  health  risks,  including  the  risks 
of  acute  toxic  effects,  chronic  systemic  effects,  ef- 
fects on  reproduction  (maternal  and  fetal  toxicity 
and  birth  defects),  and  cancer.  The  second  subsec- 
tion presents  the  results  of  the  risk  analysis  for  each 
of  the  programs  for  the  herbicides  and  carriers.  The 
third  subsection  discusses  the  risks  of  other  toxic 
effects  including  mutagenicity,  synergistic  effects, 
effects  on  sensitive  individuals,  and  cumulative 
effects.  The  final  subsection  discusses  the  use  of  pro- 
tective clothing. 


METHODOLOGY  FOR 
ASSESSING  HEALTH  RISKS 

Risks  of  Acute,  General  Systemic, 
and  Reproductive  Effects 

In  this  risk  analysis,  the  risks  to  humans  exposed 
to  the  19  herbicides  and  2  carriers  were  quantified 
by  comparing  the  representative  doses  estimated  in 
the  range  of  exposure  situations  presented  in  Sec- 
tion E4  with  the  results  of  toxicity  tests  on  laboratory 
animals  described  in  Section  E3.  To  quantify  the 
risks  of  threshold  effects,  the  doses  estimated  for 
exposed  individuals  were  compared  to  laboratory 
no-observed-effect  levels  (NOELs)  determined  in 
the  most  sensitive  animal  test  species.  The  ratio 
between  the  animal  NOEL  and  the  estimated  human 
dose  is  referred  to  in  this  analysis  as  the  margin  of 
safety  (MOS): 

MOS  =  NOEL/dose 

The  margin  of  safety  is  used  to  account  for  the 
uncertainty  inherent  in  relating  doses  and  effects 
seen  in  animals  to  estimated  doses  and  effects  that 
might  be  experienced  by  humans.  For  example,  an 
MOS  of  100  means  that  the  laboratory-determined 
no-observed-effect  level  is  100  times  the  estimated 
human  dose;  an  MOS  of  10  means  the  laboratory- 
determined  no-effect  level  is  10  times  the  estimated 
human  dose. 


The  larger  the  MOS  (that  is,  the  smaller  the  esti- 
mated human  dose  compared  to  the  animal  NOEL), 
the  lower  the  presumed  risk  to  human  health.  As  the 
estimated  dose  to  humans  approaches  the  animal 
NOEL,  the  presumed  risk  to  humans  increases. 
When  an  estimated  dose  exceeds  a  NOEL,  the  ratio 
is  reversed  (the  dose  is  divided  by  the  NOEL)  to  indi- 
cate the  factor  by  which  the  estimated  dose  exceeds 
the  laboratory  no-observed-effect  level.  In  this  case 
a  minus  sign  is  attached  to  the  MOS  to  indicate  that 
the  estimated  dose  exceeds  the  NOEL.  An  MOS  of 
-5,  for  example,  means  that  the  estimated  dose  is  5 
times  the  laboratory-determined  NOEL. 

A  negative  MOS  indicates  that  the  estimated  dose 
(given  all  the  assumptions  of  the  exposure  situation) 
may  produce  some  toxic  effects,  although  it  must  be 
remembered  that  the  MOS  is  based  on  a  laboratory 
dose  level  that  produced  no  toxic  effects  in  test  ani- 
mals. When  repeated  doses  to  humans  are  much 
higher  than  the  animal  NOEL,  there  is  a  clear  risk 
of  harmful  effects.  Conversely,  when  the  human 
dose  is  small  compared  with  the  animal  NOEL  (for 
example,  resulting  in  an  MOS  greater  than  100),  the 
risk  to  humans  can  be  judged  low  or  negligible. 

All  of  the  NOELs  used  in  this  risk  analysis  are 
based  on  (or  take  into  account)  long-term  exposure. 
A  dose  estimate  that  exceeds  the  laboratory  test  an- 
imal NOEL  does  not  necessarily  lead  to  the  conclu- 
sion that  there  will  be  toxic  effects.  As  an  estimated 
dose  approaches  or  exceeds  an  animal  NOEL,  the 
risk  of  toxic  effects  greatly  increases,  but  comparing 
one-time  or  once-a-year  doses  (such  as  those  expe- 
rienced by  the  public  or  in  an  accident)  to  NOELs 
derived  from  repeated  doses  in  lifetime  studies  tends 
to  exaggerate  the  risk  from  those  rare  events. 

Systemic  effects  are  evaluated  based  on  the  low- 
est systemic  NOEL  found  in  a  chronic  or  subchronic 
study  of  dogs,  rats,  or  mice.  Reproductive  effects, 
including  the  risk  of  birth  defects,  are  evaluated 
based  on  the  lowest  maternal  toxic,  fetotoxic,  or  tera- 
togenic NOELs  found  in  a  two-  or  three-generation 
reproduction  study  or  in  a  teratology  study. 

For  members  of  the  public,  MOSs  were  computed 
for  each  herbicide  used  in  each  program  for  routine- 
realistic  and  routine-worst  case  situations,  including 
single  and  multiple  routes  of  exposure.  MOSs  for 
workers  were  computed  for  each  herbicide,  pro- 
gram, and  worker  category  for  routine-realistic  and 
routine-worst  case  exposures.  Accident  scenarios 
were  also  evaluated.  The  MOSs  were  computed  by 
comparing  the  laboratory-determined  NOELs  in 
Table  E5-1  with  the  estimated  doses. 
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Table  E5-1 
Toxicity  Reference  Levels  Used  in  the  Risk  Analysis 


Reproductive 

Cancer 

Systemic  NOEL 

NOEL 

Potency 

Herbicide 

(mg/kg/day) 

(mg/kg/day) 

(mg/kg/day)'1 

Amitrole 

0.025 

4.00 

1.4 

Atrazine 

5.0 

0.5 

0.22 

Bromacil 

6.25 

12.5 

0.0038 

Chlorsulfuron 

5.0 

25.0 

N1 

Clopyralid 

15 

75 

N 

2,4-D 

1.0 

5.0 

0.029 

Dalapon 

8.0 

12.5 

N 

Dicamba 

15.8 

3.0 

N 

Diuron 

0.625 

6.25 

N 

Glyphosate 

31 

10 

0.000024 

Hexazinone 

10 

50 

N 

Imazapyr 

500 

300 

N 

Mefluidide 

1.5 

60 

N 

Metsulfuron  methyl 

1.25 

25 

N 

Picloram 

7.0 

50 

0.003 

Simazine 

5.0 

5.0 

0.083 

Sulfometuron  methyl 

2.5 

25 

N 

Tebuthiuron 

12.5 

5.0 

N 

Triclopyr 

2.5 

10 

N 

Carriers 

Diesel  oil 

7.38 

751 

0.0000049 

Kerosene 

28 

751 

0.0000049 

1  N  Not  a  possible  or  proven  carcinogen. 

Note:  Amitrole  -  Use  is  no  longer  proposed.  BLM  has  reexamined  the  risk  assessment  and  examined 
additional  data.  BLM  has  determined  that  amitrole  is  no  longer  considered  for  proposed  use  in  this 
document.  Amitrole  will  be  deleted  in  the  Record  of  Decision.  Dalapon  -  Since  drafting  this  document, 
producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use.  Therefore,  dalapon 
is  no  longer  considered  for  use. 


Cancer  Risk 

Assumptions  Used  in  the  Cancer  Risk 
Analysis 

As  a  result  of  the  review  of  cancer  studies  pre- 
sented in  Section  E3,  a  risk  analysis  for  cancer  was 
conducted  for  seven  of  the  herbicides  (amitrole,  at- 
razine, bromacil,  2,4-D,  glyphosate,  picloram,  and 
simazine)  and  the  carriers  diesel  oil  and  kerosene, 
because  they  may  be  oncogenic. 

Cancer  risks  for  these  chemicals  were  calculated 
based  on  the  following  conservative  assumptions 
that  are  likely  to  exaggerate  the  risks: 

(1)  Even  though  some  have  given  equivocal  labora- 
tory results  as  to  oncogenicity,  a  cancer  risk 
analysis  was  conducted  on  all  10,  to  provide  a 
worst  case  assessment  of  risk. 

(2)  In  cases  where  there  is  more  than  one  tumor 
data  set  available,  the  data  set  indicating  greater 


carcinogenic  potency  was  chosen  to  compute 
risk. 

(3)  It  is  assumed  that  carcinogenicity  is  not  a  thresh- 
old phenomenon;  that  is,  any  dose  of  these 
chemicals  has  some  probability  of  causing 
cancer,  no  matter  how  small  the  dose. 

(4)  Interspecies  extrapolation  from  test  animals  to 
humans  is  a  major  source  of  uncertainty  in  judg- 
ing cancer  risk.  The  scaling  method  used  in  this 
analysis  is  the  most  conservative  of  the  com- 
monly accepted  methods.  The  cancer  potency 
of  each  chemical  for  humans  was  assumed  to 
be  the  same  as  the  potency  for  the  laboratory 
animals  when  scaled  in  terms  of  body  surface 
area.  This  method  is  recommended  by  EPA  and 
others  (NRC  1986),  but  it  is  not  the  only  accept- 
able approach.  Another  acceptable  method 
(OSTP  1985)  is  to  scale  doses  directly  to  body 
weight,  resulting  in  estimates  of  cancer  risk  that 
are  about  16  percent  of  those  calculated  here. 

(5)  The  range  of  doses  calculated  for  the  public  and 
workers  in  the  routine  scenarios  covers  even 
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worst  case  exposures  that  might  be  encoun- 
tered with  each  application  method.  Unusual  ex- 
posure situations,  represented  by  accidental 
spraying  and  large  herbicide  spills,  have  also 
been  considered. 


Cancer  Risk  Probability  Calculations 

The  probability  of  cancer  occurrence  over  a  life- 
time as  a  result  of  exposure  to  each  of  the  chemicals 
was  calculated  using  the  following  equations: 

e(-K  x  b  x  d) 


P(d) 
d 


1 


Dx  N/L 


where: 
P(d)  = 


a  conservative  estimate  of  the  probability  of 
cancer  during  a  person's  lifetime  as  the 
result  of  dose  d 


d    =  theaveragedailydoseovera  lifetime  (mg/kg/ 
day) 

b    =   a  conservative  estimate  for  cancer  potency 
in  the  test  animal 

K    =  an  interspecies  extrapolation  factor,  used  to 
correct  b  for  application  to  humans 

D    =  the  daily  dose  (mg/kg/day) 

N    =  the  number  of  days  during  which  the  dose 
D  occurs  during  an  individual's  lifetime 

L     =  the  number  of  days  in  a  lifetime,  taken  to 
be  25,550  for  a  70-year  life  span 

The  cancer  potency  values  have  units  of  (mg/kg/ 
day)"1,  as  they  are  a  probability  that  a  tumor  will  be 
produced  as  a  result  of  daily  exposure  to  one  milli- 
gram per  kilogram  body  weight  of  the  chemical,  that 
is,  the  likelihood  of  cancer  per  unit  daily  dose. 

In  this  risk  assessment,  and  in  Table  E5-1,  the 
cancer  potency  values  reported  are  already  adjusted 
for  extrapolation  from  laboratory  animals  to  hu- 
mans, and  thus  represent  bxK  from  the  preceding 
equation. 

The  interspecies  extrapolation  factor,  K,  can  be 
estimated  by  assuming  that  body  surface  area  is  pro- 
portional to  body  weight  to  the  2/3  power  (Mantel 
and  Schneiderman  1975).  Extrapolation  to  humans 
from  animal  doses  expressed  as  mg/kg  uses  the  fol- 
lowing equation: 

K  =  (human  weight/test  animal  weight)^ 

For  an  average  human  weight  of  70  kg  and  an  aver- 
age rat  weight  of  350  g,  K  is  estimated  to  be  5.8.  For 
mice  weighing  25  g,  K  is  14.1.  These  values  were 
used  in  the  analysis,  although  lesser  values  would 
apply  if  a  smaller  human  weight  were  assumed. 


Public  Lifetime  Dose  Estimation 

Cancer  risk  from  the  herbicides  and  carriers  for 
members  of  the  public  was  calculated  assuming  four 
exposures  per  year  over  5  years  as  the  total  lifetime 
exposure  due  to  BLM's  use  of  the  chemicals.  Indi- 
vidual exposure  routes  were  considered  separately 
in  estimating  risk  from  cumulative  exposures.  It  was 
assumed  that  the  realistic  dose  accounted  for  95  per- 
cent of  the  total  dose,  and  the  worst  case  dose 
accounted  for  the  remaining  5  percent. 


Worker  Lifetime  Dose  Estimation 

Cancer  risk  to  workers  from  the  herbicides  and  car- 
riers was  calculated  assuming  that  a  worker  is 
employed  in  herbicide  application  for  10  years  and 
receives  the  realistic  dose  90  percent  of  the  working 
time  and  the  worst  case  dose  the  remaining  10  per- 
cent. 


Comparison  of  Cancer  Risks  With  Other 
Common  Risks 

To  put  the  estimated  cancer  risks  in  perspective, 
risks  associated  with  some  more  familiar  hazards 
and  occupational  risks  are  listed  in  Table  E5-2.  A  va- 
riety of  hazards  are  listed  in  the  table  that  have  a  risk 
of  about  1  in  1  million.  They  include  smoking  2  cig- 
arettes, eating  6  pounds  of  peanut  butter,  drinking 
40  sodas  sweetened  with  saccharin,  ortakingl  trans- 
continental round  trip  by  air.  The  cancer  risk  for  a 
single  X-ray  is  7  in  1  million.  Many  occupational  risks 
are  greater.  Working  for  30  years  in  agriculture  or 
construction  has  a  risk  of  about  2  in  100;  and  mining 
and  quarrying  have  an  even  greater  risk  of  3  in  100 
over  30  years. 


HEALTH  RISKS  FOR  THE 
BLM  PROGRAMS 

This  section  presents  the  results  of  the  risk  anal- 
ysis for  the  herbicides  and  carriers  proposed  for  use 
on  BLM-managed  lands  in  the  13  Western  States. 
The  estimated  exposures  on  which  the  risk  esti- 
mates are  based  were  calculated  using  the  herbicide 
application  information  and  methods  described  in 
Section  E4.  The  margins  of  safety  and  cancer  risk 
values  are  based  on  the  methods  described  pre- 
viously in  this  section.  The  risks  that  exceed  the  risk 
criteria  (MOS  less  than  100  or  cancer  risk  greater 
than  1  in  1  million)  are  summarized  in  Tables  E5-3 
through  E5-17for  each  program  for  members  of 
the  public  and  workers.  In  the  following  sections, 
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Table  E5-2 

Risk  of  Death  Resulting  From  Common  Activities  and 
Occupations  for  Persons  Living  in  the  United  States 


Activity 


Accidents  or  Catastrophes 

Motor  Vehicle  Accident 

Falls 

Drowning 

Fires 

Firearms 

Electrocution 

Tornados 

Floods 

Lightning 

Animal  Bite  or  Sting 

Occupational  Risks 

General 

Mining  and  Quarrying 
Construction 
Agriculture 
Transport/Public  Util. 
Service/Government 
Manufacturing 
Trade 

Specific 
Firefighting 
Coal  Mining 
Police  Duty 
Railroad  Employment 


Time  to  Accumulate 

a  1-in-1-Million 

Risk  of  Death 


1.5  days 

6  days 

1 0  days 

13  days 

36  days 

2  months 

20  months 

20  months 

2  years 

4  years 

9  hours 

14  hours 

15  hours 

1  day 

3.5  days 

4.5  days 

7  days 

11  hours 
14  hours 
1 .5  days 
1 .5  days 


Lifetime  Risk 
per  Capita1 


1  x  10"2 
4x10"3 
3x10"3 
2x10"3 
7x10"4 
4x10"4 
4x10"5 
4x10"5 
3x10"5 
2x10"5 


3x10-2 
2x10"2 
2x10-2 
1  X10-2 
3x10"3 
2x10"3 
1  x10-3 

2x10-2 
2x10-2 
6x10"3 
6x10"3 


1  Assuming  30  years  at  risk  for  occupational  risks,  70  years  at  risk  for  other  risks. 
Source:  Adapted  from  Crouch  and  Wilson  (1982). 


risks  are  discussed  only  for  those  scenarios  in  which 
the  risks  exceed  these  criteria.  The  numbers  in  paren- 
theses that  accompany  the  discussion  are  MOSs 
that  are  less  than  100  for  systemic  and  reproductive 
effects  or  cancer  risk  estimates  that  exceed  1  in  1 
million. 


Risks  From  Rangeland  Herbicide 
Treatments 

Those  applications  that  present  a  significant  risk 
from  herbicide  use  on  rangeland  under  the  BLM  pro- 
gram are  summarized  in  Table  E5-3  for  members  of 
the  public,  E5-4  for  workers,  and  E5-5  for  accidents. 
The  herbicides  used  on  rangeland  are  amitrole,  atra- 
zine,  clopyralid,  2,4-D,  dalapon,  dicamba,  glypho- 
sate,  hexazinone,  imazapyr,  picloram,  tebuthiuron, 
and  triclopyr,  as  well  as  the  carriers  diesel  oil  and 
kerosene. 


Risks  to  Members  of  the  Public 


Aerial  Applications.  Routine-realistic  aerial  applica- 
tions of  the  BLM  herbicides  present  few  risks  to 
members  of  the  public.  The  MOS  is  less  than  100  for 
systemic  effects  from  eating  fish  from  a  body  of 
water  that  has  received  amitrole  spray  drift  (38)  and 
for  the  cumulative  exposure  that  an  angler  may 
receive  from  amitrole  exposure  (32).  Routine-worst 
case  aerial  applications  present  a  risk  of  systemic 
effects  from  drinking  water  that  has  received  ami- 
trole spray  drift  (33);  from  eating  fish  from  a  body 
of  water  that  has  been  contaminated  with  drift  from 
nearby  amitrole  (7)  or  2,4-D  (89)  applications;  from 
cumulative  exposure  to  amitrole  by  a  hiker  (33),  ber- 
rypicker  (25),  or  angler  (5);  and  from  cumulative 
exposure  to  2,4-D  by  an  angler  (64). 

No  routine  aerial  applications  of  the  herbicides  on 
rangeland  present  a  significant  risk  of  adverse  repro- 
ductive orteratogeniceffects  to  members  of  the  pub- 
lic. 
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Table  E5-3 


Typical  Exposures 


Worst-case  Exposures 


Exposure  Scenario 


Systemic  Reproductive         Systemic  Reproductive         Cancer 


Aerial  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 

Backpack  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 

Ground  Mechanical  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 


AM 


AM 


AM 

AM.4D 
AM 
AM 

AM,  4D 


AM 


AM 


AM 


AM 


AM 


AM 


AM 


AM  =  Amitrole;  4D  =  2,4-D 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole 
is  no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk 
greater  than  1-in-1  million. 


An  angler's  cumulative  exposure  to  amitrole 
results  in  a  risk  of  cancer  that  slightly  exceeds  the 
cancer  probability  risk  criterion  of  1  in  1  million  (1 .08 
in  1  million). 

Backpack  Applications.  Realistic  backpack  applica- 
tions of  herbicides  on  rangeland  do  not  present  any 
significant  risks  to  members  of  the  public. 

There  are  no  significant  risks  of  reproductive  or 
teratogenic  effects  to  members  of  the  public  from 
backpack  applications  of  the  BLM  herbicides  on  ran- 
geland. 

No  cancer  risk  estimate  exceeds  1  in  1  million  for 
a  member  of  the  public  in  this  scenario. 


Ground  Mechanical  Applications.  Routine-realistic 
and  routine-worst  case  ground  mechanical  applica- 
tions of  amitrole  present  a  risk  of  systemic  effects 
from  vegetation  contact  by  a  berrypicker  (28  and  8, 
respectively)  and  from  the  cumulative  exposure  of 
a  berrypicker  (28  and  8). 

No  significant  adverse  reproductive  effects  were 
predicted  for  members  of  the  public  from  ground 
mechanical  applications  on  rangeland. 

Vegetation  contact  by  a  berrypicker  may  result  in 
a  significant  cancer  risk  (1.09  in  1  million),  as  may 
the  cumulative  exposure  received  by  a  berrypicker 
(1.11  in  1  million). 


Hand  Applications.  BLM  does  not  use  these  meth- 
ods on  rangeland. 
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Table  E5-4 
High  Risks  to  Workers  From  Herbicide  Use  on  Rangeland 


Typical  Exposures 

Worst- 

case  Exposures 

Exposure  Scenario 

Systemic 

Reproductive 

Systemic 

Reproductive 

Cancer 

Aerial  Applications 

Pilot 

AM,  4D,  TC 

AT,  4D, 

DC,  TB 

AM,  AT,  4D,  DP, 
DC,  GP,  HX,  TB, 
TC,  DE,  KE 

AT,  4D,  DP,  DC, 
GP,  TB,  TC 

AM,  AT,  4D 

Mixer-loader 

AM,  AT,  4D,  DP, 
DC,  TB,  TC,  DE 

AT,  4D,  DP, 
DC,  GP,  TB 

AM,  AT,  CP,  4D, 
DP,  DC,  GP,  HX, 
TB,  TC,  DE,  KE 

AT,  4D,  DP,  DC, 
GP,  TB,  TC 

AM,  AT,  4D 

Fuel  Truck  Operator 

— 

— 

4D 

AT,  DC 

— 

Backpack  Applications 

Applicator 

— 

— 

AM,  AT,  4D, 
DP,  TC,  DE 

AT,  4D,  DP, 
DC,  GP 

AT,  4D 

Ground  Mechanical  Operations 

Applicator 

4D 

AT 

AM,  AT,  4D,  DP,  DC, 
GP,  TB,  TC,  DE 

AT,  4D,  DP,  DC, 
GP,  TB,  TC 

AT.4D 

Mixer-loader 

AM.4D 

AT 

AM,  AT,  4D,  DP, 
DC,  TB,  TC,  DE 

AT,  4D,  DP, 
DC,  GP,  TB 

AT,  4D 

Applicator/mixer-loader 

4D 

AT 

AM,  AT,  4D,  DP,  DC, 
GP,  TB,  TC,  DE 

AT,  4D,  DP,  DC, 
GP,  TB,  TC 

AT,  4D 

AM  ■  Amitrole;  AT  =  Atrazine;  CP  =  Clopyralid;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba;  GP  =  Glyphosate;  HX  =  Hexazinone; 
TB  =  Tebuthiuron;  TC  =  Triclopyr;  DE  =  Diesel;  KE  =  Kerosene. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 
than  1-in-1  million. 


Risks  to  Workers 


Aerial  Applications,  imazapyrand  picloram  risk  esti- 
mates for  workers  in  aerial  applications  result  in 
MOSs  greater  than  100  in  both  the  routine-realistic 
case  and  routine-worst  case  for  all  aerial  application 
worker  categories.  Imazapyr  is  not  considered  car- 
cinogenic in  this  risk  assessment.  Although  piclo- 
ram may  be  a  potential  carcinogen,  cancer  risk  es- 
timates are  less  than  1  in  1  million  for  all  workers  in 
aerial  rangeland  herbicide  applications. 

Routine-realistic  aerial  applications  of  herbicides 
to  BLM-managed  rangeland  may  result  in  significant 
risks  of  systemic  effects  to  pilots  from  amitrole  (74), 
2,4-D  (16),  and  triclopyr  (99)  and  to  mixer-loaders 
from  amitrole  (30),  atrazine  (90),  2,4-D  (7),  dalapon 
(63),  dicamba  (94),  tebuthiuron  (74),  triclopyr  (40), 
and  diesel  oil  (88).  No  high  systemic  risks  for  fuel 
truck  operators  are  expected  as  a  result  of  routine- 
realistic  aerial  applications.  In  the  routine-worst 
case,  there  are  significant  risks  to  pilots  from  ami- 
trole (5),  atrazine  (10),  2,4-D  (1),  dalapon  (10), 


dicamba  (15),  glyphosate  (23),  hexazinone  (56), 
tebuthiuron  (12),  triclopyr  (6),  diesel  oil  (14),  and 
kerosene  (52);  to  mixer-loaders  from  amitrole  (4),  at- 
razine (10),  clopyralid  (88),  2,4-D  (-1),  dalapon  (8), 
dicamba  (12),  glyphosate  (18),  hexazinone  (44), 
tebuthiuron  (9),  triclopyr  (5),  diesel  oil  (1 1 ),  and  kero- 
sene (41);  and  to  fuel  truck  operators  from  2,4-D 
(34). 

In  the  routine-realistic  case,  significant  reproduc- 
tive risks  are  present  for  pilots  from  the  use  of  atra- 
zine (30),  2,4-D  (82),  dicamba  (44),  and  tebuthiuron 
(74)  and  for  mixer-loaders  from  atrazine  (12),  2,4-D 
(33),  dalapon  (99),  dicamba  (18),  glyphosate  (47), 
and  tebuthiuron  (30).  There  are  no  high  reproduc- 
tive risks  to  fuel  truck  operators  under  realistic  con- 
ditions. In  the  routine-worst  case,  there  are  signifi- 
cant adverse  reproductive  risks  to  pilots  from 
atrazine  (2),  2,4-D  (5),  dalapon  (16),  dicamba  (3),  gly- 
phosate (7),  tebuthiuron  (5),  and  triclopyr  (25);  to 
mixer-loaders  from  atrazine  (1),  2,4-D  (4),  dalapon 
(12),  dicamba  (2),  glyphosate  (6),  tebuthiuron  (4), 
and  triclopyr  (20);  and  to  fuel  truck  operators  from 
atrazine  (60)  and  dicamba  (91). 
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Cancer  risks  exceed  1  in  1  million  for  pilots  from 
amitrole  (2.76  in  1  million),  atrazine  (2.17  in  100  thou- 
sand), and  2,4-D  (1.03  in  100  thousand)  and  for 
mixer-loaders  from  amitrole  (4.74  in  1  million),  atra- 
zine (3.72  in  100  thousand),  and  2,4-D  (1.77  in  100 
thousand).  No  estimated  cancer  risks  for  fuel  truck 
operators  in  rangeland  aerial  herbicide  applications 
exceed  1  in  1  million. 


Backpack  Applications.  Backpack  applicators  are 
not  expected  to  face  any  significant  systemic,  repro- 
ductive, or  cancer  risks  from  the  use  of  clopyralid, 
hexazinone,  imazapyr,  picloram,  tebuthiuron,  or 
kerosene  on  rangeland. 

Routine-realistic  backpack  applications  of  herbi- 
cides to  BLM-managed  rangeland  are  not  expected 
to  result  in  significant  systemic  risks  to  applicators. 
However,  in  the  routine-worst  case  scenario,  there 


are  high  systemic  risks  from  amitrole  (23),  atrazine 
(70),  2,4-D  (8),  dalapon  (48),  triclopyr  (30),  and  die- 
sel  oil  (67). 

There  are  no  sign  if  icant  reproductive  risks  to  back- 
pack applicators  applying  herbicides  to  rangeland 
in  the  realistic  case.  I  n  the  worst  case,  there  are  nota- 
ble risks  from  atrazine  (9),  2,4-D  (38),  dalapon  (76), 
dicamba  (27),  and  glyphosate  (45). 

Cancer  risk  estimates  are  significant  for  applica- 
tors using  atrazine  (3.77  in  1  million)  or  2,4-D  (1.19 
in  1  million)  on  rangeland. 


Ground  Mechanical  Applications.  No  excess  sys- 
temic, reproductive,  or  cancer  risks  to  workers  from 
rangeland  herbicide  application  by  ground  mechan- 
ical methods  are  expected  to  result  from  the  use  of 
clopyralid,  hexazinone,  imazapyr,  picloram,  or  kero- 
sene. 


Table  E5-5 
High  Risks  From  Accidents  From  Herbicide  Use  on  Rangeland 


Exposure  Scenario 


Systemic 


Reproductive 


Cancer 


Skin  Spill,  Concentrate 
Skin  Spill,  Mixture 
Direct  Spray,  Person 

Drinking  Directly  Sprayed  Water 

Eating  Fish  From  Directly 
Sprayed  Water 

Immediate  Reentry,  Hiker 

Immediate  Reentry,  Picker 

Eating  Directly  Sprayed  Berries 

Drinking  Water  Contaminated  by 
a  Jettison  of  Mixture 

Drinking  Water  Contaminated  by 
a  Truck  Spill 


AM,  AT,  CP,  4D,  DC,  GP, 
HX,  IP,  PC.TC,  DE,  KE 

AM,  AT,  CP,  4D,  DP,  DC,  GP, 
HX,  IP,  PC,  TB,  TC,  DE,  KE 

AM,  AT,  4D,  DP,  DC,  TB,  TC 
GP,  TB,  DE 

AM,  4D 

AM,  4D,  TC 


AM,  AT,  4D,  DP,  DC 
GP,  TB,  TC,  DE 

AM,  AT,  4D 

AM,  AT,  4D,  DP,  DC, 
PC,  TB,  TC,  DE 

AM,  AT,  CP,  4D,  DP,  DC,  GP, 
HX,  PC,  TB,  TC,  DE,  KE 


AM,  AT,  CP,  4D,  DC,  GP,       AM,  AT,  4D 
HX,  IP,  PC,  TC,  DE,  KE 

AM,  AT,  CP,  4D,  DP,  DC,  GP,    AM,  AT,  4D 
HX,  IP,  PC,  TB,  TC,  DE,  KE 

AT,  4D,  DC,  — 


4D,  DC  AM 


AT,  4D,  DP,  DC,  GP,  TB,  TC 


AT,  4D,  DC,  TB  AM 

AM,  AT,  4D,  DP,  AM 

DC,  GP,  TB 

AM,  AT,  4D,  DP,  DC,  AM,  AT,  4D 

GP,  HX,  PC,  TB,  TC 


AM  =  Amitrole;  AT  =  Atrazine;  CP  =  Clopyralid;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba;  GP  =  Glyphosate;  HX  =  Hexazinone; 
IP  =  Imazapyr;  PC  =  Picloram;  TB  =  Tebuthiuron;  TC  =  Triclopyr;  DE  =  Diesel;  KE  =  Kerosene. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 
than  1-in-1  million. 
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For  workers  using  ground  mechanical  equipment 
to  apply  herbicides  to  rangeland,  there  are  signifi- 
cant systemic  risks  in  the  routine-realistic  case  for 
applicators  from  2,4-D  (78);  for  mixer-loaders  from 
amitrole  (98),  and  2,4-D  (33),  and  for  applicator/ 
mixer-loaders  from  2,4-D  (34).  In  the  worst  case, 
there  are  high  risks  to  applicators  from  amitrole  (9), 
atrazine  (30),  2,4-D  (2),  dalapon  (20),  dicamba  (30), 
glyphosate  (47),  tebuthiuron  (24),  triclopyr  (13),  and 
diesel  oil  (28);  to  mixer-loaders  from  amitrole  (23), 
atrazine  (70),  2,4-D  (5),  dalapon  (48),  dicamba  (72), 
tebuthiuron  (57),  triclopyr  (30),  and  diesel  oil  (67); 
and  to  applicator/mixer-loaders  from  amitrole  (17), 
atrazine  (50),  2,4-D  (4),  dalapon  (36),  dicamba  (53), 
glyphosate  (83),  tebuthiuron  (42),  triclopyr  (22),  and 
diesel  oil  (50). 

In  the  realistic  case,  there  are  significant  reproduc- 
tive risks  from  atrazine  to  applicators  (93),  mixer- 
loaders  (39),  and  applicator/mixer-loaders  (40).  In 
the  worst  case,  high  reproductive  risks  are  expected 
for  applicators  from  atrazine  (4),  2,4-D  (10),  dalapon 
(31),  dicamba  (6),  glyphosate  (15),  tebuthiuron  (9), 
and  triclopyr  (50);  for  mixer-loaders  from  atrazine 
(9),  2,4-D  (25),  dalapon  (76),  dicamba  (14),  glypho- 
sate (36),  and  tebuthiuron  (23);  and  for  applicator/ 
mixer-loaders  from  atrazine  (7),  2,4-D  (19),  dalapon 
(56),  dicamba  (10),  glyphosate  (27),  tebuthiuron 
(17),  and  triclopyr  (90). 

There  are  significant  cancer  risks  from  ground 
mechanical  rangeland  herbicide  application  for 
applicators  from  atrazine  (7  in  1  million)  and  2,4-D 
(3.03  in  1  million),  for  mixer-loaders  from  atrazine 
(6.57  in  1  million)  and  2,4-D  (2.42  in  1  million),  and 
for  applicator/mixer-loaders  from  atrazine  (7.21  in  1 
million)  and  2,4-D  (2.74  in  1  million). 


Hand  Applications.  Hand  application  of  herbicides 
is  not  used  on  BLM-managed  rangeland. 


Risks  From  Accidents 

Systemic  margins  of  safety  are  below  100  for  most 
herbicides  used  on  rangeland.  The  highest  systemic 
risks  are  from  an  accidental  spi  1 1  of  the  herbicide  con- 
centrate on  the  skin,  where  all  MOSs  from  the  her- 
bicides used  on  rangeland  are  less  than  100  and  all 
doses  except  those  calculated  for  imazapyr  and  pic- 
loram  exceed  the  NOEL,  resulting  in  a  negative 
MOS.  A  spill  on  the  skin  of  herbicide  mixture  results 
in  systemic  risks  almost  as  high  as  a  spill  of  the  con- 
centrate. Direct  spray  of  a  person  results  in  systemic 
MOSs  less  than  100  for  amitrole,  atrazine,  2,4-D, 
dalapon,  dicamba,  tebuthiuron,  triclopyr,  and  diesel 
oil.  Ingestion  of  water  that  has  been  contaminated 


by  a  direct  spray  results  in  systemic  MOSs  less  than 
1 00  for  amitrole  and  2,4-D.  Eating  fish  from  this  same 
body  of  water  results  in  significant  risks  of  systemic 
effects  for  amitrole,  2,4-D,  and  triclopyr.  Immediate 
reentry  to  a  sprayed  area  by  a  hiker  does  not  present 
asignificant  risk  of  systemic  effects.  However,  imme- 
diate reentry  by  a  berrypicker  poses  significant  sys- 
temic risks  from  amitrole,  atrazine,  2,4-D,  dalapon, 
dicamba,  glyphosate,  tebuthiuron,  triclopyr,  and  die- 
sel oil.  Eating  directly  sprayed  berries  results  in  sys- 
temic MOSs  less  than  100  from  amitrole,  atrazine, 
and  2,4-D.  Drinking  water  that  has  been  contami- 
nated by  a  jettison  of  herbicide  mixture  from  a  heli- 
copter presents  significant  systemic  risks  from  all 
chemicals  used  on  rangeland  except  for  clopyralid, 
glyphosate,  hexazinone,  imazapyr,  and  kerosene. 
Drinking  water  that  has  been  contaminated  by  a 
batch  truck  spill  of  herbicide  mixture  results  in  sys- 
temic MOSs  less  than  100  for  all  herbicides  except 
imazapyr. 

Rangeland  accident  scenarios  also  may  result  in 
several  significant  risks  to  reproductive  health  and 
fetal  development.  A  spill  of  concentrate  or  mixture 
on  the  skin  presents  significant  risks  from  all  herbi- 
cides used  on  rangeland.  Direct  spray  of  a  person 
may  lead  to  significant  reproductive  risks  from  atra- 
zine, 2,4-D,  dicamba,  glyphosate,  and  tebuthiuron. 
Drinking  directly  sprayed  water  is  not  expected  to 
pose  significant  reproductive  risks.  However,  eating 
fish  from  that  same  body  of  water  may  result  in  sig- 
nificant risks  from  2,4-D  and  dicamba.  Although 
immediate  reentry  by  a  hiker  is  not  likely  to  result 
in  any  significant  risks,  reproductive  MOSsforimme- 
diate  reentry  by  a  berrypicker  are  less  than  100  for 
atrazine,  2,4-D,  dalapon,  dicamba,  glyphosate,  tebu- 
thiuron, and  triclopyr.  Eating  directly  sprayed  ber- 
ries entails  significant  reproductive  risk  from  atra- 
zine, 2,4-D,  dicamba,  and  tebuthiuron.  Drinking 
water  contaminated  by  a  helicopter  jettison  of  her- 
bicide mixture  has  a  significant  reproductive  risk 
from  amitrole,  atrazine,  2,4-D,  dalapon,  dicamba,  gly- 
phosate, and  tebuthiuron.  Drinking  water  that  has 
been  contaminated  by  a  batch  truck  spill  poses  sig- 
nificant reproductive  risks  from  all  chemicals  except 
clopyralid,  imazapyr,  diesel  oil,  and  kerosene. 

Cancer  risks  that  exceed  1  in  1  million  are  pre- 
dicted for  amitrole,  atrazine,  and  2,4-D  from  a  spill 
of  either  concentrate  or  mixture  on  the  skin;  for  ami- 
trole from  eating  fish  that  came  from  directly 
sprayed  water;  for  amitrole  from  eating  berries  that 
were  directly  sprayed;  for  amitrole  from  drinking 
water  contaminated  by  a  helicopter  jettison  of  mix- 
ture; and  for  amitrole,  atrazine,  and  2,4-D  from  drink- 
ing water  that  was  contaminated  by  a  batch  truck 
spill. 
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Risks  From  Public-Domain  Forest 
Land  Herbicide  Treatments 

Scenarios  in  which  the  MOSs  are  less  than  100  or 
cancer  risk  probabilities  are  greater  than  1  in  1  mil- 
lion are  summarized  in  Table  E5-6  for  members  of 


the  public,  Table  E5-7  for  workers,  and  Table  E5-8 
for  accidents.  The  herbicides  used  on  public- 
domain  forest  lands  are  amitrole,  atrazine,  chlorsul- 
furon,  2,4-D,  dalapon,  dicamba,  glyphosate,  hexaz- 
inone,  imazapyr,  picloram,  simazine,  tebuthiuron, 
and  triclopyr,  as  well  as  the  carriers  diesel  oil  and 
kerosene. 


Table  E5-6 
High  Risks  to  Members  of  the  Public  From  Herbicide  Use  on  Public-Domain  Forest  Land 


Typical  Exposures 


Worst-case  Exposures 


Exposure  Scenario 


Systemic         Reproductive         Systemic         Reproductive         Cancer 


Aerial  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 

Backpack  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 

Ground  Mechanical  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 


AM 


AM 


AM 


AM 


AM 

AM,  4D 

AM 

AM,  4D 

AM,  4D 


AM 


AM.4D 


AM,  4D 


AT 


AM 


AM,  4D 

— 

AM 

— 

AM 

AT 

AM,  4D 

AT 

AT 


AT 


AM 


AM 


AM  =  Amitrole;  AT  =  Atrazine;  4D  =  2,4-D. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole 
is  no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk 
greater  than  1-in-1  million. 


E5-9 


SECTION  E5  -  RISK  ANALYSIS 


Risks  to  Members  of  the  Public 


Aerial  Applications.  Routine  realistic  aerial  applica- 
tion of  BLM  herbicides  to  public-domain  forest  land 
may  present  a  significant  risk  of  adverse  systemic 
effects  to  members  of  the  public  from  eating  fish 
from  a  body  of  water  that  has  received  amitrole  spray 
drift  (38)  and  from  the  multiple  exposures  to  amitrole 
that  an  angler  may  receive  (32).  Worst  case  aerial  ap- 
plications pose  elevated  systemic  risks  to  berrypick- 
ers  from  drinking  water  contaminated  by  amitrole 
spray  drift  (33);  eating  fish  from  a  body  of  water  con- 
taminated by  spray  drift  from  amitrole  (7)  or  2,4-D 
(67);  the  multiple  exposures  to  amitrole  that  a  hiker 
may  receive  (33);  the  multiple  exposures  that  a  ber- 
rypicker  may  have  to  amitrole  (25),  or  2,4-D  (96);  and 
the  multiple  exposures  that  an  angler  may  have  to 
amitrole  (5),  or  2,4-D  (48). 


Members  of  the  public  are  not  expected  to  have 
any  significant  reproductive  risks  from  routine  real- 
istic aerial  application  of  the  BLM  herbicides  to 
public-domain  forest  land.  However,  in  the  routine- 
worst  case,  there  is  a  significant  risk  to  berrypickers 
who  may  be  exposed  through  several  routes  to  atra- 
zine  (68). 

Single  routes  of  exposure  are  unlikely  to  result  in 
a  significant  cancer  risk  to  members  of  the  public 
from  aerial  applications.  The  multiple  exposures 
received  by  an  angler  may  lead  to  a  significant 
cancer  risk  from  amitrole  (1.08  in  1  million). 


Backpack  Applications.  Estimated  systemic  MOSs 
for  members  of  the  public  for  routine-realistic  expo- 
sures in  this  scenario  are  all  greater  than  100. 


Table  E5-7 
High  Risks  to  Workers  From  Herbicide  Use  on  Public- Domain  Forest  Land 


Typical  Exposures 

Worst-case  Exposures 

Exposure  Scenario 

Systemic 

Reproductive 

Systemic 

Reproductive 

Cancer 

Aerial  Applications 

Pilot 

4D 

AT 

AM,  AT,  4D,  DP,  DC, 
HX,  SI,  TB,  TC,  DE 

AT,  4D,  DP,  DC, 
GP,  SI,  TB,  TC 

AT,  4D,  SI 

Mixer-loader 

4D,  TC 

AT 

AM,  AT,  4D,  DP, 
DC,  GP,  HX,  SI, 
TB,  TC,  DE 

AT,  4D,  DP,  DC, 
GP,  SI,  TB,  TC 

AM,  AT,  4D,  SI 

Fuel  Truck  Operator 

— 

— 

4D 

AT 

— 

Backpack  Applications 

Applicator 

— 

AT 

AM,  AT,  4D,  DP 
HX,  SI,  TC,  DE 

AT,  4D,  DP,  DC 
GP,  SI,  TB,  TC 

AT,  4D,  SI 

Ground  Mechanical  Operations 

Applicator 

4D 

AT 

AM,  AT,  4D,  DP, 
DC,  GP,  HX,  SI, 
TB,  TC,  DE 

AT,  4D,  DP,  DC,  GP, 
SI,  TB,  TC 

AT,  4D,  SI 

Mixer-loader 

4D 

AT 

AM,  AT,  4D,  DP,  HX, 
SI,  TB,  TC,  DE 

AT,  4D,  DP,  DC, 
GP,  SI,  TB,  TC 

AT,  4D,  SI 

Applicator/mixer-loader 

4D 

AT 

AM,  AT,  4D,  DP,  HX, 
SI,  TB,  TC,  DE 

AT,  4D,  DP,  DC, 
GP,  SI,  TB,  TC 

AT,  4D,  SI 

Hand  Applications 

Applicator 

4D,  TC 

AT,  TB 

AM,  AT,  CS,  4D,  DP 
SI,  TB,  TC,  DE 

AT,  4D,  DP,  DC, 
GP,  SI,  TB,  TC 

AT,  4D,  SI 

AM  ■  Amitrole;  AT  =  Atrazine;  CS  =  Chlorsulfuron;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba;  GP  =  Glyphosate;  HX  =  Hexazinone; 
SI  =  Simazine;  TB  =  Tebuthiuron;  TC  =  Triclopyr;  DE  =  Diesel. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 
than  1-in-1  million. 
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Table  E5-8 
High  Risks  From  Accidents  From  Herbicide  Use  on  Public- Domain  Forest  Land 


Exposure  Scenario 

Systemic 

Reproductive 

Cancer 

Skin  Spill,  Concentrate 

AM,  AT,  CS,  4D,  DC,  GP,  HX, 
IP,  PC,  SI,  TC,  DE,  KE 

AM,  AT,  CS,  4D,  DC,  GP,  HX, 
IP,  PC,  SI,  TC,  DE,  KE 

AM,  AT,  4D,  SI 

Skin  Spill,  Mixture 

AM,  AT,  CS,  4D,  DP,  DC,  GP,  HX, 
IP,  PC,  SI,  TB,  TC,  DE,  KE 

AM,  AT,  CS,  4D,  DP,  DC,  GP,  HX, 
IP,  PC,  SI,  TB,  TC,  DE,  KE 

AM,  AT,  4D,  SI 

Direct  Spray,  Person 

AM,  AT,  4D,  DP,  DE 
HX,  SI,  TB,  TC 

AT,  4D,  DP,  DC,  GP,  SI,  TB,  TC 

AT 

Drinking  Directly  Sprayed  Water 

AM,  AT,  4D 

AT 

— 

Eating  Fish  From  Directly 
Sprayed  Water 

AM,  AT,  4D,  SI,  TC 

AT,  4D,  DC,  SI 

AM 

Immediate  Reentry,  Hiker 

— 

— 



Immediate  Reentry,  Picker 

AM,  AT,  4D,  DP,  DC,  GP, 
HX,  SI,  TB,  TC,  DE 

AT,  4D,  DP,  DC,  GP,  SI,  TB,  TC 

AT,  SI 

Eating  Directly  Sprayed  Berries 

AM,  AT,  4D,  SI,  TC 

AT,  4D,  DC,  SI,  TB 

AM 

Drinking  Water  Contaminated  by 
a  Jettison  of  Mixture 

AM,  AT,  4D,  DP,  DC,  HX, 
PC,  SI,  TB,  TC,  DE 

AM,  AT,  4D,  DP,  DC, 
GP,  SI,  TB,  TC 

AM,  AT 

Drinking  Water  Contaminated  by 
a  Truck  Spill 

AM,  AT,  CS,  4D,  DP,  DC,  GP, 
HX,  PC,  SI,  TB,  TC,  DE,  KE 

AM,  AT,  4D,  DP,  DC,  GP, 
HX,  PC,  St,  TB,  TC 

AM,  AT,  4D,  SI 

AM  =  Amitrole;  AT  =  Atrazine;  CS  =  Chlorsulfuron;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba;  GP  =  Glyphosate;  HX  =  Hexazinone; 
IP  =  Imazapyn'pC  =  Picloram;  SI  =  Simazine;  TB  =  Tebuthiuron;  TC  =  Triclopyr;  DE  =  Diesel;  KE  =  Kerosene. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note.  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 
than  1-in-1  million. 


There  are  no  significant  reproductive  risks  to 
members  of  the  public  from  routine-realistic  expo- 
sures in  this  scenario. 

There  are  no  significant  cancer  risks  to  members 
of  the  public  from  backpack  applications  of  herbi- 
cides on  BLM-managed  public-domain  forest  land. 


Ground  Mechanical  Applications.  In  the  routine- 
realistic  case,  members  of  the  public  may  have  a  risk 
of  adverse  systemic  effects  from  the  use  of  ground 
mechanical  herbicide  application  from  amitrole 
from  the  vegetation  contact  that  a  berrypicker  may 
have  (28)  and  the  multiple  exposures  that  a  berry- 
picker  may  receive  (28).  In  the  routine-worst  case, 
there  is  a  significant  risk  of  systemic  effects  from 
vegetation  contact  by  a  berrypicker  from  amitrole 
(8),  and  2,4-D  (81),  and  the  multiple  exposures  that 
a  berrypicker  may  have  to  amitrole  (8),  and  2,4-D 
(77).   ' 

In  the  routine-realistic  case,  there  are  no  signifi- 
cant reproductive  risks  from  the  ground  mechanical 


herbicide  application  to  members  of  the  public.  In 
the  routine-worst  case,  there  is  a  significant  risk  of 
reproductive  effects  from  atrazine  from  the  vegeta- 
tion contact  that  a  berrypicker  may  have  (81)  and 
the  multiple  exposures  of  a  berrypicker  (76). 

A  significant  risk  of  cancer  exists  from  amitrole 
from  the  vegetation  contact  that  a  berrypicker  may 
have  (1.09  in  1  million)  and  the  multiple  exposures 
of  a  berrypicker  (1.11  in  1  million). 


Hand  Applications.  No  significant  risks  of  systemic 
effects,  reproductive  effects,  or  cancer  are  expected 
for  members  of  the  public  as  a  result  of  hand  appli- 
cations of  herbicides  to  BLM-managed  public- 
domain  forest  land. 


Risks  to  Workers 


Aerial  Applications.  MOSs  are  greater  than  100  and 
cancer  risks  less  than  1  in  1  million  for  workers 
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aerially  applying  chlorsulfuron,  imazapyr,  picloram, 
and  kerosene  to  BLM-managed  public-domain 
forest  land. 

In  the  routine-realistic  case,  there  are  significant 
risks  to  workers  of  adverse  systemic  effects  to  pilots 
from  2,4-D  (79)  and  to  mixer-loaders  from  2,4-D  (32), 
or  triclopyr  (95).  MOSs  are  all  above  100  for  fuel 
truck  operators  in  the  realistic  case.  In  the  routine- 
worst  case,  there  are  significant  systemic  risks  to 
pilots  from  amitrole  (15),  atrazine  (10),  2,4-D  (2), 
dalapon  (24),  dicamba  (94),  hexazinone  (40),  sima- 
zine  (15),  tebuthiuron  (30),  triclopyr  (7),  and  diesel 
oil  (44);  to  mixer-loaders  from  amitrole  (12),  atrazine 
(9),  2,4-D  (2),  dalapon  (19),  dicamba  (74),  glypho- 
sate  (97),  hexazinone  (31),  simazine  (12),  tebuthiu- 
ron (23),  triclopyr  (6),  and  diesel  oil  (35);  and  to  fuel 
truck  operators  from  2,4-D  (81). 

In  the  routine-realistic  case,  aerial  herbicide  appli- 
cation to  public-domain  forest  land  may  result  in  sig- 
nificant reproductive  risks  from  atrazine  to  pilots 
(47)  and  mixer-loaders  (19).  Fuel  truck  operators' 
MOSs  are  all  above  100  under  realistic  conditions. 
In  the  routine-worst  case,  there  are  significant  repro- 
ductive risks  to  pilots  from  atrazine  (1),  2,4-D  (12), 
dalapon  (37),  dicamba  (18),  glyphosate  (40),  sima- 
zine (15),  tebuthiuron  (12),  and  triclopyr  (30);  to 
mixer-loaders  from  atrazine  (1),  2,4-D  (10),  dalapon 
(29),  dicamba  (14),  glyphosate  (31),  simazine  (12), 
tebuthiuron  (9),  and  triclopyr  (23);  and  to  fuel  truck 
operators  from  atrazine  (48). 

In  this  scenario,  cancer  risks  exceed  1  in  1  million 
for  pilots  for  atrazine  (2.22  in  100  thousand),  2,4-D 
(3.51  in  1  million),  and  simazine  (8.38  in  1  million) 
and  for  mixer-loaders  for  amitrole  (1 .09  in  1  million), 
atrazine  (3.43  in  100  thousand),  2,4-D  (5.42  in  1  mil- 
lion), and  simazine  (1.29  in  100  thousand).  Cancer 
risks  for  fuel  truck  operators  are  greater  than  1  in 
1  million. 


Backpack  Applications.  No  significant  systemic, 
reproductive,  or  cancer  risks  are  predicted  for  back- 
pack applicators  applying  herbicides  in  BLM- 
managed  public-domain  forest  land  from  chlorsul- 
furon, imazapyr,  picloram,  or  kerosene. 

In  the  routine-worst  case,  there  are  significant  sys- 
temic risks  to  backpack  applicators  from  amitrole 
(23),  atrazine  (20),  2,4-D  (8),  dalapon  (36),  hexazi- 
none (91),  simazine  (23),  triclopyr  (23),  and  diesel 
oil  (67). 

Reproductive  risk  is  present  for  applicators  in  the 
realistic  case  from  atrazine  (35).  In  the  worst  case, 
high  reproductive  risks  are  posed  by  atrazine  (2), 
2,4-D  (38),  dalapon  (57),  dicamba  (27),  glyphosate 
(91),  simazine  (23),  tebuthiuron  (61),  and  triclopyr 
(91). 


Significant  cancer  risks  are  present  for  applicators 
from  atrazine  (1.51  in  100  thousand),  2,4-D  (1.19  in 
1  million),  and  simazine  (5.69  in  1  million). 


Ground  Mechanical  Applications.  Workers  using 
ground  mechanical  equipment  to  treat  BLM- 
managed  public-domain  forest  lands  are  not 
expected  to  have  any  significant  systemic,  reproduc- 
tive, or  cancer  risks  from  the  use  of  chlorsulfuron, 
imazapyr,  picloram,  or  kerosene. 

The  use  of  ground  mechanical  equipment  to  apply 
herbicides  on  public-domain  forest  land  results  in 
systemic  risks  to  mixer-loaders  2,4-D  (79),  and  to 
applicator/mixer-loaders  from  2,4-D  (81)  in  the 
routine-realistic  case.  Using  worst  case  assump- 
tions, significant  systemic  risks  are  posed  for  appli- 
cators from  amitrole  (9),  atrazine  (9),  2,4-D  (2), 
dalapon  (15),  dicamba  (60),  glyphosate  (78),  hexaz- 
inone (25),  simazine  (9),  tebuthiuron  (19),  triclopyr 
(5),  and  diesel  oil  (28);  for  mixer-loaders  from  ami- 
trole (23),  atrazine  (20),  2,4-D  (4),  dalapon  (36),  hex- 
azinone (60),  simazine  (23),  tebuthiuron  (45),  tric- 
lopyr (11),  and  diesel  oil  (67);  and  to 
applicator/mixer-loaders  from  amitrole  (17),  atra- 
zine (10),  2,4-D  (3),  dalapon  (27),  hexazinone  (45), 
simazine  (17),  tebuthiuron  (34),  triclopyr  (8),  and 
diesel  oil  (50). 

In  the  routine-realistic  case,  atrazine  poses  signif- 
icant reproductive  risks  for  applicators  (56),  mixer- 
loaders  (24),  and  applicator/mixer-loaders  (24).  In 
the  worst  case,  there  are  significant  reproductive 
risks  for  applicators  from  atrazine  (-1),  2,4-D  (8), 
dalapon  (24),  dicamba  (11),  glyphosate  (25),  sima- 
zine (9),  tebuthiuron  (8),  and  triclopyr  (19);  to  mixer- 
loaders  from  atrazine  (2),  2,4-D  (19),  dalapon  (57), 
dicamba  (27),  glyphosate  (60),  simazine  (23),  tebu- 
thiuron (18),  and  triclopyr  (45);  and  to  applicator/ 
mixer-loaders  from  atrazine  (2),  2,4-D  (14),  dalapon 
(42),  dicamba  (20),  glyphosate  (45),  simazine  (17), 
tebuthiuron  (13),  and  triclopyr  (34). 

For  ground  mechanical  treatment  of  public- 
domain  forest  lands,  worker  cancer  risks  exceed  1 
in  1  million  for  applicators  from  atrazine  (2.37  in  100 
thousand),  2,4-D  (3.5  in  1  million),  and  simazine 
(8.93  in  1  million);  for  mixer-loaders  from  atrazine 
(1.59  in  100  thousand),  2,4-D  (1.94  in  1  million),  and 
simazine  (6.01  in  1  million);  and  for  applicator/mixer- 
loaders  from  atrazine  (1.87  in  100  thousand),  2,4-D 
(2.93  in  1  million),  and  simazine  (7.07  in  1  million). 


Hand  Applications.  The  hand  applicator  on  BLM- 
managed  public-domain  forest  land  is  not  expected 
to  face  any  significant  systemic,  reproductive,  or 
cancer  risks  from  the  use  of  hexazinone,  imazapyr, 
picloram,  or  kerosene. 
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In  the  routine-realistic  case,  workers  using  hand 
equipment  to  treat  public-domain  forest  land  with 
herbicides  may  have  notable  systemic  risks  from  the 
use  of  2,4-D  (65),  or  triclopyr  (97).  In  the  routine- 
worst  case,  systemic  risks  are  high  to  hand  applica- 
tors from  amitrole  (35),  atrazine  (30),  chlorsulfuron 
(35),  2,4-D  (12),  dalapon  (19),  simazine  (35),  tebuthi- 
uron  (29),  triclopyr  (17),  and  diesel  oil  (52). 

Routine-realistic  reproductive  MOSs  are  less  than 
100  for  hand  applicators  using  atrazine  (19)  ortebu- 
thiuron  (65).  In  the  worst  case,  there  are  high  repro- 
ductive risks  from  atrazine  (3),  2,4-D  (58),  dalapon 
(30),  dicamba  (42),  glyphosate  (93),  simazine  (35), 
tebuthiuron  (12),  and  triclopyr  (70). 

Cancer  risks  exceed  1  in  1  million  for  the  hand 
applicator  on  public-domain  forest  land  from  atra- 
zine (2.26  in  100  thousand),  2,4-D  (1.79  in  1  million), 
and  simazine  (8.52  in  1  million). 


Accidents 

Significant  systemic  risks  are  likely  from  a  skin 
spill  of  herbicide  concentrate  or  mixture  of  any  of 
the  herbicides  used  on  public-domain  forest  land.  In 
most  cases,  the  estimated  dose  exceeds  the 
laboratory-determined  NOEL.  Direct  spray  of  a  per- 
son results  in  significant  systemic  risks  from  ami- 
trole, atrazine,  2,4-D,  dalapon,  hexazinone,  sima- 
zine, tebuthiuron,  triclopyr,  and  diesel  oil.  Drinking 
water  that  has  been  directly  sprayed  may  cause  high 
systemic  risks  from  amitrole,  atrazine,  and  2,4-D. 
Eating  fish  from  a  body  of  water  that  has  been 
directly  sprayed  is  expected  to  pose  a  risk  from  ami- 
trole, atrazine,  2,4-D,  simazine,  and  triclopyr.  There 
are  no  significant  risks  from  immediate  reentry  to  a 
treated  area  by  a  hiker.  However,  immediate  reentry 
by  a  berrypicker  may  lead  to  elevated  systemic  risks 
from  amitrole,  atrazine,  2,4-D,  dalapon,  dicamba,  gly- 
phosate, hexazinone,  simazine,  tebuthiuron,  tric- 
lopyr, and  diesel  oil.  Eating  berries  that  have  been 
directly  sprayed  may  result  in  significant  systemic 
risks  from  amitrole,  atrazine,  2,4-D,  simazine,  or  tric- 
lopyr. Drinking  water  that  has  been  contaminated  by 
a  helicopter  jettison  of  herbicide  mixture  results  in 
high  risks  of  systemic  effects  from  all  herbicides  and 
carriers  except  for  chlorsulfuron,  glyphosate, 
imazapyr,  and  kerosene.  Drinking  water  that  has 
been  contaminated  by  a  batch  truck  spill  of  herbi- 
cide mixture  results  in  a  significant  systemic  risk 
from  all  chemicals  except  imazapyr. 

Reproductive  risks  are  significant  for  all  herbi- 
cides from  a  skin  spill  of  herbicide  concentrate  or 
mixture.  Direct  spray  of  a  person  leads  to  a  high  re- 
productive risk  from  atrazine,  2,4-D,  dalapon, 
dicamba,  glyphosate,  simazine,  tebuthiuron,  and 
triclopyr.  Drinking  directly  sprayed  water  presents 
a  reproductive  risk  from  atrazine.  Eating  fish  from 
a  directly  sprayed  body  of  water  leads  to  a  high  re- 


productive risk  from  atrazine,  2,4-D,  dicamba,  and 
simazine.  Immediate  reentry  by  a  hiker  is  not 
expected  to  result  in  any  adverse  reproductive 
effects.  Immediate  reentry  by  a  berrypicker  is  ex- 
pected to  have  a  risk  to  reproductive  indices  from 
atrazine,  2,4-D,  dalapon,  dicamba,  glyphosate,  sim- 
azine, tebuthiuron,  and  triclopyr.  Eating  berries  that 
have  been  directly  sprayed  is  likely  to  cause  a  high 
reproductive  risk  from  atrazine,  2,4-D,  dicamba,  sim- 
azine, and  tebuthiuron.  Drinking  waterthat  has  been 
contaminated  by  a  helicopter  jettison  of  herbicide 
mixture  may  result  in  significant  reproductive  risks 
from  amitrole,  atrazine,  2,4-D,  dalapon,  dicamba,  gly- 
phosate, simazine,  tebuthiuron,  and  triclopyr. 
Drinking  water  that  has  been  contaminated  by  a 
batch  truck  spill  of  herbicide  mixture  results  in  sig- 
nificant reproductive  risks  from  amitrole,  atrazine, 
2,4-D,  dalapon,  dicamba,  glyphosate,  hexazinone, 
picloram,  simazine,  tebuthiuron,  and  triclopyr. 

Risks  of  cancer  that  exceed  1  in  1  million  were  esti- 
mated for  amitrole,  atrazine,  2,4-D,  and  simazine 
from  a  skin  spill  of  herbicide  concentrate  or  mixture 
and  drinking  water  that  has  been  contaminated  by 
a  batch  truck  spill.  Direct  spray  of  a  person  results 
in  a  significant  cancer  risk  from  atrazine.  Drinking 
directly  sprayed  water  is  not  expected  to  result  in  a 
high  cancer  risk.  However,  eating  fish  from  a  directly 
sprayed  body  of  water  poses  an  elevated  risk  of 
cancer  from  amitrole.  Immediate  reentry  by  a  hiker 
does  not  result  in  excess  cancer  risk,  but  immediate 
reentry  by  a  berrypicker  does,  from  atrazine  and  sim- 
azine. Eating  directly  sprayed  berries  presents  a 
high  cancer  risk  from  amitrole.  Drinking  water  that 
has  been  contaminated  by  a  helicopter  jettison  of 
herbicide  mixture  is  estimated  to  cause  a  high 
cancer  risk  from  amitrole  and  atrazine.  Drinking 
water  that  has  been  contaminated  by  a  batch  truck 
spill  presents  a  high  risk  from  amitrole,  atrazine, 
2,4-D,  and  simazine. 


Oil  and  Gas  Sites 

Significant  risks  from  herbicide  applications  on 
BLM-managed  oil  and  gas  sites  are  presented  in 
Table  E5-9  for  members  of  thepublic,  E5-10forwork- 
ers,  and  E5-1 1  for  accidents.  The  herbicides  used  on 
oil  and  gas  sites  are  amitrole,  atrazine,  bromacil, 
chlorsulfuron,  clopyralid,  2,4-D,  dalapon,  dicamba, 
diuron,  glyphosate,  hexazinone,  imazapyr,  meflui- 
dide,  metsulfuron  methyl,  picloram,  simazine,  sul- 
fometuron  methyl,  tebuthiuron,  and  triclopyr,  and 
the  carriers  diesel  oil  and  kerosene. 


Risks  to  Members  of  the  Public 


Aerial  Applications.  Routine-realistic  aerial  applica- 
tions of  herbicides  on  oil  and  gas  sites  are  not 
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Table  E5-9 
High  Risks  to  Members  of  the  Public  From  Herbicide  Use  on  Oil  and  Gas  Sites 


Typical  Exposures 


Worst-case  Exposures 


Exposure  Scenario 


Systemic      Reproductive      Systemic      Reproductive      Cancer 


Aerial  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Hiker 

Nearby  Resident 

Backpack  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Hiker 

Nearby  Resident 

Ground  Mechanical  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Hiker 

Nearby  Resident 


DU 

DU 
DU 


AT 

AT 
AT 


AT  =  Atrazine;  DU  =  Diuron. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety 
less  than  100  or  a  cancer  risk  greater  than  1-in-1  million. 


expected  to  result  in  any  significant  risks  of  systemic 
effects  to  members  of  the  public.  Routine-worst  case 
applications  may  result  in  significant  risks  from  der- 
mal exposure  to  spray  drift  of  diuron  (52);  the  mul- 
tiple exposures  of  a  hiker  to  diuron  (51 ),  and  the  mul- 
tiple exposures  of  a  nearby  resident  to  diuron  (51). 

Routine-realistic  aerial  application  to  oil  and  gas 
sites  is  not  expected  to  result  in  any  significant  repro- 
ductive risks  to  members  of  the  public.  However,  in 
the  routine-worst  case,  there  are  significant  repro- 
ductive risks  from  dermal  exposure  to  spray  drift 
from  atrazine  (33)  and  from  the  multiple  exposures 
to  atrazine  that  may  be  received  by  a  hiker  (33)  or 
a  nearby  resident  (33). 

Estimated  cancer  risk  probabilities  for  members  of 
the  public  as  a  result  of  aerial  applications  of  herbi- 
cides on  BLM-managed  oil  and  gas  sites  do  not  ex- 
ceed 1  in  1  million. 


Cancer  risks  estimated  for  members  of  the  public 
as  a  result  of  oil  and  gas  site  backpack  herbicide 
application  do  not  exceed  1  in  1  million. 


Ground  Mechanical  Applications.  There  are  not 
expected  to  be  any  significant  systemic  or  reproduc- 
tive risks  to  members  of  the  public  from  ground 
mechanical  herbicide  application  on  BLM-managed 
oil  and  gas  sites.  No  cancer  risks  in  this  scenario 
exceed  1  in  1  million. 


Hand  Applications.  No  significant  systemic,  repro- 
ductive, or  cancer  risks  to  members  of  the  public  are 
expected  from  hand  application  of  herbicides  to  oil 
and  gas  sites. 


Risks  to  Workers 


Backpack  Applications.  Routine-realistic  backpack 
applications  of  herbicides  on  BLM-managed  oil  and 
gas  sites  are  not  expected  to  result  in  any  adverse 
systemic  effects  for  members  of  the  public. 

No  significant  reproductive  effects  for  members  of 
the  public  are  expected  from  routine-realistic  back- 
pack applications  on  oil  and  gas  sites. 


Aerial  Applications.  Herbicides  used  in  aerial  oil  and 
gas  site  applications  for  which  no  worker  is  esti- 
mated to  have  an  MOS  less  than  100  or  a  cancer  risk 
greater  than  1  in  1  million  are  chlorsulfuron, 
imazapyr,  mefluidide,  metsulfuron  methyl,  picloram, 
and  kerosene. 

Routine-realistic  aerial  application  of  herbicides 
to  oil  and  gas  sites  may  cause  significant  systemic 
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risks  to  pilots  from  amitrole  (96),  atrazine  (40),  diu- 
ron  (7),  and  simazine  (47)  and  to  mixer-loaders  from 
amitrole  (38),  atrazine  (10),  bromacil  (59),  2,4-D  (63), 
dalapon  (55),  diuron  (3),  simazine  (19),  and  triclopyr 
(47).  There  are  no  significant  adverse  systemic  risks 
to  fuel  truck  operators  in  the  realistic  case.  In  the 
routine-worst  case,  there  are  significant  systemic 
risks  to  pilots  from  amitrole  (6),  atrazine  (3),  bro- 
macil (9),  clopyralid  (30),  2,4-D  (10),  dalapon  (9), 
dicamba  (94),  diuron  (-2),  hexazinone  (22),  simazine 
(12),  tebuthiuron  (19),  triclopyr  (7),  and  diesel  oil 
(88);  to  mixer-loaders  from  amitrole  (5),  atrazine  (2), 
bromacil  (7),  clopyralid  (23),  2,4-D  (8),  dalapon  (7), 
dicamba  (74),  diuron  (-3),  hexazinone  (17),  simazine 
(8),  sulfometuron  methyl  (83),  tebuthiuron  (15),  tric- 


lopyr (6),  and  diesel  oil  (69);  and  to  fuel  truck  oper- 
ators from  atrazine  (70),  and  diuron  (15). 

Under  the  routine-realistic  case,  significant  repro- 
ductive risks  exist  for  pilots  from  atrazine  (5),  diuron 
(74),  and  simazine  (47)  and  for  mixer-loaders  from 
atrazine  (2),  dalapon  (86),  diuron  (30),  simazine  (19), 
and  tebuthiuron  (47).  There  are  no  high  reproduc- 
tive risks  for  fuel  truck  operators  in  the  realistic  case. 
In  the  routine-worst  case,  there  are  significant  risks 
to  pilots  from  atrazine  (-3),  bromacil  (19),  2,4-D  (50), 
dalapon  (14),  dicamba  (18),  diuron  (5),  glyphosate 
(60),  simazine  (12),  tebuthiuron  (7),  and  triclopyr 
(30);  to  mixer-loaders  from  atrazine  (-4),  bromacil 
(15),  2,4-D  (39),  dalapon  (11),  dicamba  (14),  diuron 


Table  E5-10 
High  Risks  to  Workers  From  Herbicide  Use  on  Oil  and  Gas  Sites 


Typical  Exposures 


Exposure  Scenario 


Systemic 


Reproductive 


Worst-case  Exposures 


Systemic 


Reproductive 


Cancer 


Aerial  Applications 

Pilot 


Mixer-loader 


Fuel  Truck  Operator 

Backpack  Applications 

Applicator 


AM,  AT,  DU,  SI         AT,  DU,  SI 


AM,  AT,  BR,  4D,       AT,  DP,  DU, 
DP,  SI,  TC  SI,  TB 


DU 


Ground  Mechanical  Operations 

Applicator  DU 


Mixer-loader 


Applicator/mixer-loader 


AT,  4D,  DU 


AT,  DU 


Hand  Applications 

Applicator 


AT 


AT 


AT 


AT 


4D,  DU,  MF,  SM,       AT,  TB 
TC 


AM,  AT,  BR,  CP,  4D, 
DP,  DC,  DU,  HX, 
SI,  TB,  TC,  DE 

AM,  AT,  BR,  CP,  4D, 
DP,  DC,  DU,  HX,  SI, 
SM,  TB,  TC,  DE 

AT,  DU,  SI 

AM,  AT,  BR,  CP, 
4D,  DP,  DC,  DU, 
HX,  MF,  SM,  TB, 
TC,  DE 

AM,  AT,  BR,  CP,  4D, 
DP,  DC,  DU,  HX,  MF, 
SI,  SM,  TB,  TC,  DE 

AM,  AT,  BR,  CP,  4D, 
DP,  DU,  HX,  SI,  TB, 
TC 

AM,  AT,  BR,  CP,  4D, 
DP,  DU,  HX,  SI,  TB, 
TC,  DE 

AM,  AT,  BR,  CS,  4D, 
DP,  DU,  MF,  SI,  SM, 
TB,  TC,  DE 


AT,  BR,  4D,  DP,  DC        AM,  AT,  4D,  SI 
DU,  GP,  SI,  TB,  TC 


AT,  BR,  4D,  DP,  DC, 
DU,  GP,  SI,  TB,  TC 

AT,  SI 

AT,  BR,  CP,  4D,  DP, 
DC,  DU,  GP,  TB,  TC 


AM,  AT,  BR,  4D,  SI 

AT,  SI 

AM,  AT,  4D,  SI 


AT,  BR,  CP,  4D,  DC,       AM,  AT,  4D,  SI 
DP,  DU,  GP,  HX,  SI, 
TB,  TC 

AT,  BR,  4D,  DP,  DC,       AM,  AT,  SI 
DU,  SI.TB,  TC 

AT,  BR,  4D,  DP,  DC,       AM,  AT,  SI 
DU,  GP,  SI,  TB,  TC 


AT,  BR,  4D,  DP,  DC,       AT,  4D,  SI 
DU,  GP,  SI,  TB,  TC 


AM  =  Amitrole;  AT  =  Atrazine;  BR  =  Bromacil;  CS  =  Chlorsulfuron;  CP  =  Clopyralid;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba; 
DU  =  Diuron;  GP  =  Glyphosate;  HX  =  Hexazinone;  MF  =  Mefluidide;  SI  =  Simazine;  SM  =  Sulfometuron  methyl;  TB  =  Tebuthiuron; 
TC  =  Triclopyr;  DE  =  Diesel. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 
than  1-in-1  million. 
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Table  E5-11 
High  Risks  From  Accidents  From  Herbicide  Use  on  Oil  and  Gas  Sites 


Exposure  Scenario 


Systemic 


Reproductive 


Cancer 


Skin  Spill,  Concentrate 
Skin  Spill,  Mixture 
Direct  Spray,  Person 

Drinking  Directly  Sprayed  Water 

Eating  Fish  from  Directly 
Sprayed  Water 

Immediate  Reentry,  Hiker 

Immediate  Reentry,  Picker 

Eating  Directly  Sprayed  Berries 

Drinking  Water  Contaminated  by 
a  Jettison  of  Mixture 

Drinking  Water  Contaminated  by 
a  Truck  Spill 


All  except  DP,  TB 

All 

AM,  AT,  BR,  CP,  4D,  DP,  DC, 
DU,  HX,  SI.TB,  TC,  DE 


AT,  DU 


All  except  imazapyr 


All,  except  DP,  TB 

All 

AT,  BR,  4D,  DP,  DC,  DU, 
GP,  SI,  TB,  TC, 


AT 


AM,  AT,  BR,  4D,  SI 
AM,  AT,  BR,  4D,  SI 
AT,  SI 


AM,  AT,  BR,  CP,  4D,  DP,  DC, 
DU,  GP,  HX,  PC,  SI,  SM,  TB, 
TC 


AM,  AT,  BR,  4D,  SI 


AM  =  Amitrole;  AT  =  Atrazine;  BR  =  Bromacil;  CS  =  Chlorsulfuron;  CP  =  Clopyralid;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba; 
DU  =  Diuron;  GP  =  Glyphosate;  HX  =  Hexazinone;  IP  =  Imazapyr;  MF  =  Mefluidide;  MM  =  Metsulfuron  methyl;  PC  =  Picloram; 
SI  =  Simazine;  SM  =  Sulfometuron  methyl;  TB  =  Tebuthiuron;  TC  =  Triclopyr;  DE  =  Diesel;  KE  =  Kerosene. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  .for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 
than  1-in-1  million. 


(4),  glyphosate  (47),  hexazinone  (87),  simazine  (8), 
tebuthiuron  (6),  and  triclopyr  (23);  and  to  fuel  truck 
operators  from  atrazine  (10). 

For  workers  involved  in  aerial  herbicide  applica- 
tions on  oil  and  gas  sites,  cancer  risks  are  significant 
for  pilots  from  amitrole  (2.13  in  1  million),  atrazine 
(1.36  in  10  thousand),  2,4-D  (1.07  in  1  million),  and 
simazine  (5.11  in  100  thousand);  for  mixer-loaders 
from  amitrole  (3.66  in  1  million),  atrazine  (2.33  in  10 
thousand),  bromacil  (1.61  in  1  million),  2,4-D  (1.84 
in  1  million),  and  simazine  (8.78  in  100  thousand); 
and  for  fuel  truck  operators  from  atrazine  (4.25  in  1 
million)  and  simazine  (1.60  in  1  million). 


Backpack  Applications.  No  significant  systemic, 
reproductive,  or  cancer  risks  are  expected  for  back- 
pack applicators  on  oil  and  gas  sites  applying  chlor- 
sulfuron, imazapyr,  metsulfuron  methyl,  picloram, 
or  kerosene. 

In  the  routine-realistic  case,  backpack  applicators 
on  oil  and  gas  sites  have  significant  systemic  risks 


from  diuron  (17).  In  the  worst  case,  they  have  high 
systemic  risks  from  amitrole  (9),  atrazine  (5),  bro- 
macil (11),  clopyralid  (18),  2,4-D  (6),  dalapon  (29), 
dicamba  (57),  diuron  (-1),  hexazinone  (36),  meflui- 
dide (87),  simazine  (28),  sulfometuron  methyl  (65), 
tebuthiuron  (23),  triclopyr  (9),  and  diesel  oil  (54). 

Backpack  applicators  have  high  reproductive 
risks  from  atrazine  (14)  in  the  realistic  case.  In  the 
worst  case,  reproductive  risks  are  significant  from 
atrazine  (-1),  bromacil  (23),  clopyralid  (91),  2,4-D 
(30),  dalapon  (45),  dicamba  (11),  diuron  (9),  glypho- 
sate (36),  simazine  (28),  tebuthiuron  (9),  and  tric- 
lopyr (36). 

Cancer  risks  to  backpack  applicators  on  oil  and 
gas  sites  exceed  1  in  1  million  for  amitrole  (1.11  in 
1  million),  atrazine  (4.36  in  100  thousand),  2,4-D 
(1.38  in  1  million),  and  simazine  (1.65  in  100  thou- 
sand). 


Ground  Mechanical  Applications.  Nosignificant  sys- 
temic, reproductive,  or  cancer  risks  are  expected  for 
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workers  using  ground  mechanical  equipment  on  oil 
and  gas  sites  to  apply  chlorsulfuron,  imazapyr,  met- 
sulfuron  methyl,  picloram,  or  kerosene. 

Routine-realistic  exposures  to  workers  in  ground 
mechanical  oil  and  gas  site  applications  present  sig- 
nificant risks  of  systemic  effects  to  applicators  from 
diuron  (35);  to  mixer-loaders  from  atrazine  (90), 
2,4-D  (98),  and  diuron  (15);  and  to  applicator/mixer- 
loaders  from  atrazine  (90)  and  diuron  (15).  Worst 
case  exposures  result  in  high  systemic  risks  to  appli- 
cators from  amitrole  (4),  atrazine  (1),  bromacil  (6), 
clopyralid  (19),  2,4-D  (6),  dalapon  (5),  dicamba  (60), 
diuron  (-3),  hexazinone  (14),  mefluidide  (90),  sima- 
zine  (8),  sulfometuron  methyl  (67),  tebuthiuron  (12), 
triclopyr  (5),  and  diesel  oil  (56);  to  mixer-loaders 
from  amitrole  (9),  atrazine  (3),  bromacil  (14),  clopy- 
ralid (45),  2,4-D  (15),  dalapon  (13),  diuron  (-1),  hex- 
azinone (34),  simazine  (20),  tebuthiuron  (28),  and 
triclopyr  (11);  and  to  applicator/mixer-loaders  from 
amitrole  (7),  atrazine  (3),  bromacil  (10),  clopyralid 
(34),  2,4-D  (11),  dalapon  (10),  diuron  (-2),  hexazi- 
none (25),  simazine  (12),  tebuthiuron  (21),  triclopyr 
(8),  and  diesel  oil  (99). 

Routine-realistic  applications  present  high  repro- 
ductive risks  for  applicators  from  atrazine  (28),  for 
mixer-loaders  from  atrazine,  and  for  applicator/ 
mixer-loaders  from  atrazine.  Worst  case  applica- 
tions result  in  reproductive  MOSs  less  than  100  for 
applicators  from  atrazine  (-5),  bromacil  (12),  clopy- 
ralid (94),  2,4-D  (31),  dalapon  (9),  dicamba  (11),  diu- 
ron (3),  glyphosate  (38),  hexazinone  (70),  simazine 
(8),  tebuthiuron  (5),  and  triclopyr  (19);  for  mixer- 
loaders  from  atrazine  (-2),  bromacil  (28),  2,4-D  (76), 
dalapon  (21),  dicamba  (27),  diuron  (7),  glyphosate 
(91),  simazine  (20),  tebuthiuron  (11),  and  triclopyr 
(45);  and  for  applicator/mixer-loaders  from  atrazine 
(-3),  bromacil  (21),  2,4-D  (56),  dalapon  (15), 
dicamba  (20),  diuron  (5),  glyphosate  (67),  simazine 
(12),  tebuthiuron  (8),  and  triclopyr  (34). 

Cancer  risks  exceed  1  in  1  million  for  ground 
mechanical  oil  and  gas  site  applications  for  applica- 
tors from  amitrole  (1.78  in  1  million),  atrazine  (1.09 
in  10  thousand),  2,4-D  (1.01  in  1  million),  and  sim- 
azine (4.1 1  in  100  thousand);  for  mixer-loaders  from 
amitrole  (1 .05  in  1  million),  atrazine  (5.75  in  100  thou- 
sand), and  simazine  (2.17  in  100  thousand);  and  for 
applicator/mixer-loaders  from  amitrole  (1.28  in  1  mil- 
lion), atrazine  (7.21  in  100  thousand),  and  simazine 
(2.72  in  100  thousand). 


Hand  Applications.  Systemic,  reproductive,  and 
cancer  risk  estimates  for  workers  in  hand  oil  and  gas 
site  applications  do  not  exceed  the  risk  criteria  as 
a  result  of  applying  clopyralid,  hexazinone, 
imazapyr,  picloram,  and  kerosene. 


Hand  herbicide  application  on  oil  and  gas  sites 
may  result  in  high  systemic  risk  to  applicators  from 
the  use  of  2,4-D  (65),  diuron  (24),  mefluidide  (58), 
sulfometuron  methyl  (97),  or  triclopyr  (97)  in  the 
routine-realistic  case.  In  the  worst  case,  hand  appli- 
cators have  a  significant  systemic  risk  from  amitrole 
(35),  atrazine  (30),  bromacil  (44),  chlorsulfuron  (35), 
2,4-D  (12),  dalapon  (19),  diuron  (4),  mefluidide  (10), 
sulfometuron  methyl  (17),  tebuthiuron  (29),  tric- 
lopyr (17),  and  diesel  oil  (52). 

Routine-realistic  reproductive  MOSs  are  less  than 
100  for  atrazine  (19)  and  tebuthiuron  (65).  In  the 
worst  case,  there  are  notable  reproductive  risks  from 
atrazine  (3),  bromacil  (87),  2,4-D  (58),  dalapon  (30), 
dicamba  (42),  diuron  (44),  glyphosate  (93),  tebuthi- 
uron (12),  and  triclopyr  (70). 

Cancer  risks  to  the  hand  applicator  treating  oil  and 
gas  sites  are  high  from  atrazine  (2.26  in  100  thou- 
sand), 2,4-D  (1.79  in  1  million),  and  simazine  (8.52 
in  1  million). 


Risks  From  Accidents 

Systemic  risks  from  a  spill  of  herbicide  concen- 
trate or  mixture  on  the  skin  are  significant  for  all  her- 
bicides used  on  oil  and  gas  sites.  Direct  spray  of  a 
person  posesa  high  systemic  riskfrom  amitrole,  atra- 
zine, bromacil,  clopyralid,  2,4-D,  dalapon,  dicamba, 
diuron,  hexazinone,  simazine,  tebuthiuron,  tric- 
lopyr, and  diesel  oil.  Immediate  reentry  by  a  hiker 
has  a  high  systemic  risk  from  atrazine  and  diuron. 
Drinking  water  that  has  been  contaminated  by  a 
batch  truck  spill  of  herbicide  mixture  intended  for 
treating  oil  and  gas  sites  results  in  significant  sys- 
temic risk  from  all  herbicides  except  imazapyr. 

Reproductive  risks  from  a  spill  of  herbicide  con- 
centrate or  mixture  are  significant  for  all  herbicides. 
Direct  spray  of  a  person  posesasignificant  reproduc- 
tive risk  from  atrazine,  bromacil,  2,4-D,  dalapon, 
dicamba,  diuron,  glyphosate,  simazine,  tebuthiuron, 
and  triclopyr.  Immediate  reentry  by  a  hiker  leads  to 
a  significant  risk  of  reproductive  effects  from  atra- 
zine. Drinking  water  that  has  been  contaminated  by 
a  batch  truck  spill  of  herbicide  mixture  poses  signif- 
icant reproductive  risks  from  all  herbicides  except 
chlorsulfuron,  imazapyr,  mefluidide,  metsulfuron 
methyl,  diesel  oil,  and  kerosene. 

Significant  cancer  risks  are  expected  from  ami- 
trole, atrazine,  bromacil,  2,4-D,  and  simazine  as  a 
result  of  a  spill  on  the  skin  of  herbicide  concentrate 
or  mixture  or  drinking  water  that  has  been  contam- 
inated by  a  batch  truck  spill  of  herbicide  mixture.  Di- 
rect spray  of  a  person  results  in  a  significant  cancer 
risk  from  atrazine  and  simazine.  No  elevated  risk  of 
cancer  from  immediate  reentry  by  a  hiker  is 
expected. 
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Righfs-of-Way 


Risks  to  Members  of  the  Public 


MOSs  that  are  less  than  100  and  cancer  risks  that 
are  greater  than  1  in  1  million  as  a  result  of  herbicide 
applications  on  rights-of-way  are  presented  in  Table 
E5-12  for  members  of  the  public,  Table  E5-13  for 
workers,  and  Table  E5-14  for  accidents.  Herbicides 
used  on  rights-of-way  are  amitrole,  atrazine,  bro- 
macil,  chlorsulfuron,  clopyralid,  2,4-D,  dalapon, 
dicamba,  diuron,  glyphosate,  hexazinone,  imazapyr, 
mefluidide,  metsulfuron  methyl,  picloram,  simazine, 
sulfometuron  methyl,  tebuthiuron,  triclopyr,  and  the 
carriers  diesel  oil  and  kerosene. 


Aerial  Applications.  For  routine-realistic  aerial  appli- 
cations on  BLM-managed  rights-of-way,  risks  of  sys- 
temic effects  for  members  of  the  public  are  signifi- 
cant for  eating  fish  from  a  body  of  water 
contaminated  with  amitrole  spray  drift  (38)  and  the 
multiple  exposures  that  an  angler  may  receive  from 
amitrole  (32).  In  the  routine-worst  case,  there  are 
high  risks  due  to  dermal  exposure  to  spray  drift  from 
diuron  (52);  the  vegetation  contact  of  a  berrypicker 
from  diuron  (20);  drinking  water  that  has  received 


Table  E5-12 
High  Risks  to  Members  of  the  Public  From  Herbicide  Use  on  Rights-of-Way 


Exposure  Scenario 


Typical  Exposures 
Systemic       Reproductive 


Worst-case  Exposures 


Systemic 


Reproductive       Cancer 


Aerial  Applications 

Spray  Drift,  Dermal 

— 

Vegetation  Contact,  Hiker 

— 

Vegetation  Contact,  Picker 

— 

Drinking  Water 

— 

Eating  Berries 

— 

Eating  Fish 

AM 

Hiker 

— 

Berrypicker 

— 

Angler 

AM 

Nearby  Resident 

— 

Backpack  Applications 

Spray  Drift,  Dermal 

— 

Vegetation  Contact,  Hiker 

— 

Vegetation  Contact,  Picker 

— 

Drinking  Water 

— 

Eating  Berries 

— 

Eating  Fish 

— 

Hiker 

— 

Berrypicker 

— 

Angler 

— 

Nearby  Resident 

— 

Ground  Mechanical  Applications 

Spray  Drift,  Dermal 

— 

Vegetation  Contact,  Hiker 

— 

Vegetation  Contact,  Picker 

AM 

Drinking  Water 

— 

Eating  Berries 

— 

Eating  Fish 

— 

Hiker 

— 

Berrypicker 

AM 

Angler 

— 

Nearby  Resident 

— 

DU 


AT 


AT,  DU 

AT 

— 

AM,  DU 

AT 

— 

AM 

— 

— 

AM,  DU 

AT 

AM 

AM,  DU, 

AT 

— 

AM,  AT,  DU 

AT 

— 

AM,  AT,  4D,  DU 

AT,  DU 

AM 

DU 

AT 

— 

DU 


DU 


AM,  AT,  DU 


AM 

AM,  AT,  DU 
AM 


AT 


AT 


AT 


AT 


AM 


AM 


AM  =  Amitrole;  AT  =  Atrazine;  4D  =  2,4-D;  DU  =  Diuron. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole 
is  no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk 
greater  than  1-in-1  million. 
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Table  E5-13 
High  Risks  to  Workers  From  Herbicide  Use  on  Rights-of-Way 


Exposure  Scenario 

Typical  Exposures 

Worst-case  Exposures 

Systemic 

Reproductive 

Systemic 

Reproductive 

Cancer 

Aerial  Applications 

Pilot 

AM,  AT,  DU, 
SI 

AT,  DU,  SI 

AM,  AT,  BR,  CP,  4D, 
DP,  DC,  DU,  GP,  HX, 
MF,  SI,  SM,  TB,  TC, 
DE 

AT,  BR,  CP,  4D,  DP, 
DC,  DU,  GP,  HX,  SI, 
TB,  TC 

AM,  AT,  BR, 
4D,  SI 

Mixer-loader 

AM,  AT,  BR,  4D, 
DP,  DU,  SI,  TC 

AT,  DP,  DU, 
SI,  TB 

All  except 
CS,  IP,  MM,  PC 

AT,  BR,  CP,  4D,  DP, 
DC,  DU,  GP,  HX,  SI, 
TB,  TC 

AM,  AT,  BR, 
4D,  SI 

Fuel  Truck  Operator 

— 

— 

AM,  AT,  DP,  DU, 
TC 

AT,  DU,  TB 

AT,  SI 

Backpack  Applications 

Applicator 

DU 

AT 

AM,  AT,  BR,  CP,  4D, 
DP,  DU,  HX,  SI,  SM, 
TC,  DE 

AT,  BR,  4D,  DP,  DC, 
DU,  GP,  SI,  TB,  TC 

AT,  4D,  SI 

Ground  Mechanical  Operations 

Applicator 

DU 

AT 

AM,  AT,  BR,  CP,  4D, 
DP,  DC,  DU,  HX,  MF, 
SI,  SM,  TB,  TC,  DE 

AT,  BR,  CP,  4D,  DP, 
DC,  DU,  GP,  HX,  SI, 
TB,  TC 

AM,  AT,  4D,  SI 

Mixer-loader 

4D,  DU 

AT 

AM,  AT,  BR,  CP,  4D, 
DP,  DU,  HX,  SI,  TB, 
TC 

AT,  BR,  4D,  DP,  DC, 
DU,  GP,  SI,  TB,  TC 

AT,  SI 

Applicator/mixer-loader 

4D,  DU 

AT 

AM,  AT,  BR,  CP,  4D, 
DP,  DU,  HX,  SI,  TB, 
TC,  DE 

AT,  BR,  4D,  DP,  DC 
DU,  GP,  SI,  TB,  TC 

AM,  AT,  4D,  SI 

Hand  Applications 

Applicator 

4D,  DU,  MF,  MM, 

SM,  TC 

AT,  TB 

AM,  AT,  BR,  CS,  4D, 
DP,  DU,  MF,  MM,  SM, 
TB,  TC,  DE 

AT,  BR,  4D,  DP,  DC, 
DU,  GP,  SM,  TB,  TC 

AT,  4D,  SI 

AM  =  Amitrole;  AT  =  Atrazine;  BR  =  Bromacil;  CS 
DU  =  Diuron;  GP  =  Glyphosate;  HX  =  Hexazinone 

=  Chlorsulfuron, 
IP  =  Imazapyr; 

CP  =  Clopyralid;  4D  = 
MF  =  Mefluidide;  MM 

2,4-D;  DP  =  Dalapon;  DC 
=  Metsulfuron  methyl;  PC 

=  Dicamba; 
=  Picloram; 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 
no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 
than  1-in-1  million. 


spray  drift  from  amitrole  (7),  diuron  (52);  eating  ber- 
ries contaminated  with  drift  from  amitrole  (22)  and; 
eating  fish  from  a  body  of  water  contaminated  with 
spray  drift  from  amitrole  (1),  and  diuron  (13);  the  mul- 
tiple exposures  a  hiker  may  receive  from  amitrole 
(7),  and  diuron  (26);  the  multiple  exposures  a  berry- 
picker  may  receive  from  amitrole  (5),  atrazine  (50), 
and  diuron  (11);  the  multiple  exposures  an  angler 
may  receive  from  amitrole  (1),  atrazine  (80),  2,4-D 
(97),  and  diuron  (8);  and  the  multiple  exposures  a 
nearby  resident  may  receive  from  and  diuron  (51). 

Reproductive  risk  estimates  result  in  MOSs 
greater  than  100  for  all  herbicides  in  the  routine- 
realistic  case.  In  the  routine-worst  case,  significant 
risks  are  expected  for  dermal  exposure  to  spray  drift 


from  atrazine  (33);  vegetation  contact  by  a  berry- 
picker  from  atrazine  (13);  drinking  water  that  has 
been  contaminated  with  spray  drift  from  atrazine 
(33);  eating  fish  from  a  body  of  water  that  has 
received  spray  drift  from  atrazine  (33);  the  multiple 
exposures  a  hiker  may  have  to  atrazine  (16);  the  mul- 
tiple exposures  a  berrypicker  may  have  to  atrazine 
(7);  the  multiple  exposures  an  angler  may  have  to 
atrazine  (10),  and  diuron  (83);  and  the  multiple  expo- 
sures of  a  nearby  resident  to  atrazine  (33). 

Cancer  risks  are  significant  for  eating  fish  from  a 
body  of  water  that  has  been  contaminated  with  ami- 
trole spray  drift  (1.7  in  1  million)  and  the  multiple 
exposures  that  an  angler  may  receive  from  amitrole 
(2.11  in  1  million). 
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Table  E5-14 
High  Risks  From  Accidents  From  Herbicide  Use  on  Rights-of-Way 


Exposure  Scenario 


Systemic 


Reproductive 


Cancer 


Skin  Spill,  Concentrate 
Skin  Spill,  Mixture 
Direct  Spray,  Person 

Drinking  Directly  Sprayed  Water 

Eating  Fish  from  Directly 
Sprayed  Water 

Immediate  Reentry,  Hiker 

Immediate  Reentry,  Picker 


Eating  Directly  Sprayed  Berries 

Drinking  Water  Contaminated  by 
a  Jettison  of  Mixture 

Drinking  Water  Contaminated  by 
a  Truck  Spill 


All  except  DP,  TB 

All 

AM,  AT,  BR,  CP,  4D,  DP,  DC, 
DU,  HX,  SI.TB,  TC,  DE 

AM,  AT,  4D,  DP, 
DU,  SI.TC 

AM,  AT,  BR,  CP,  4D,  DP, 
DU,  HX,  SI,  TC 

AT,  DU 

AM,  AT,  BR,  CP,  4D,  DP, 
DC,  DU,  GP,  HX,  MF,  SI, 
SM,  TB,  TC,  DE 

AM,  AT,  BR,  CP,  4D,  DP, 
DU,  HX,  Sl.TB,  TC 

AM,  AT,  BR,  CP,  4D,  DP,  DC,  DU, 
HX,  PC,  SI.SM.TB,  TC,  DE 

All  except  IP 


All  except  DP,  TB 

All 

AT,  BR,  4D,  DP,  DC,  DU, 
GP,  SI,  TB,  TC 

AT,  DU,  SI,  TB 

AM,  AT,  BR,  4D,  DP,  DC, 
DU,  Sl.TB,  TC 

AT 

AT,  BR,  CP,  4D,  DP,  DC,  DU, 
GP,  HX,  SI,  TB,  TC 

AM,  AT,  BR,  4D,  DP,  DC, 
DU.SI.TB,  TC 

AM,  AT,  BR,  4D,  DP,  DC,  DU, 
GP,  HX,  SI,  TB,  TC 

AM,  AT,  BR,  CP,  4D,  DP,  DC, 
DU,  GP,  HX,  PC,  SI,  SM,  TB, 
TC 


AM,  AT,  BR,  4D,  SI 
AM,  AT,  BR,  4D,  SI 
AT,  SI 

AM,  AT 

AM,  AT,  SI 

AT,  SI 

AM,  AT,  SI 
AM,  AT,  SI 
AM,  AT,  BR,  4D,  SI 


AM  =  Amitrole;  AT  =  Atrazine;  BR  =  Bromacil;  CS  -  Chlorsulfuron;  CP  -  Clopyralid;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba; 
DU  =  Diuron-  GP  =  Glyphosate;  HX  =  Hexazinone;  IP  =  Imazapyr;  MF  =  Mefluidide;  MM  =  Metsulfuron  methyl;  PC  =  Picloram; 
SI  =  Simazine;  SM  =  Sulfometuron  methyl;  TB  =  Tebuthiuron;  TC  =  Triclopyr;  DE  =  Diesel;  KE  =  Kerosene. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is 

no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed  use. 

Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk  greater 

than  1-in-1  million. 


Backpack  Applications.  Risks  of  systemic  effects  to 
members  of  the  public  from  backpack  applications 
on  rights-of-way  all  have  MOSs  greater  than  100  in 
the  routine-realistic  case.  In  the  routine-worst  case, 
there  are  significant  systemic  risks  for  a  berrypicker 
from  vegetation  contact  from  diuron  (28),  and  for  the 
multiple  exposures  of  a  berrypicker  from  diuron 
(28). 

There  are  no  significant  reproductive  risks  to 
members  of  the  public  from  routine-realistic  back- 
pack applications  on  rights-of-way.  From  routine- 
worst  case  applications,  there  is  expected  to  be  a  sig- 
nificant risk  from  vegetation  contact  for  a 
berrypicker  from  atrazine  (18)  and  multiple  expo- 
sures to  a  berrypicker  from  atrazine  (18). 

No  cancer  risk  estimates  for  members  of  the  pub- 
lic exceed  a  cancer  risk  of  1  in  1  million  for  backpack 
herbicide  applications  on  rights-of-way. 


Ground  Mechanical  Applications.  The  routine- 
realistic  dose  estimated  for  vegetation  contact  by  a 
berrypicker  results  in  a  significant  risk  of  systemic 
effects  from  amitrole  (28),  as  do  the  multiple  expo- 
sures received  by  a  berrypicker  (28).  In  the  routine- 
worst  case,  there  is  a  significant  risk  of  systemic 
effects  from  vegetation  contact  by  a  berrypicker 
from  amitrole  (2),  atrazine  (60),  and  diuron  (13);  eat- 
ing fish  from  a  body  of  water  that  has  been  contam- 
inated with  amitrole  spray  drift  (44);  multiple  expo- 
sures a  berrypicker  may  have  from  amitrole  (2), 
atrazine  (60),  and  diuron  (12);  and  the  multiple  ex- 
posures an  angler  may  have  from  amitrole  (36). 

Routine-realistic  exposures  are  not  expected  to 
result  in  any  adverse  reproductive  effects  to 
members  of  the  public  from  ground  mechanical  her- 
bicide applications.  However,  in  the  routine-worst 
case,  there  are  significant  reproductive  risks  from 
vegetation  contact  by  a  berrypicker  from  atrazine 
(8),  and  from  the  multiple  exposures  a  berrypicker 
may  receive  from  atrazine  (8). 
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Cancer  risks  exceed  1  in  1  million  for  vegetation 
contact  by  a  berrypickerfromamitrole  (1.76  in  1  mil- 
lion) and  for  the  multiple  exposures  of  a  berrypicker 
to  amitrole  (1.8  in  1  million). 


Risks  to  Workers 


Aerial  Applications.  MOSs  are  greater  than  100  and 
cancer  risks  less  than  1  in  1  million  for  all  aerial  rights- 
of-way  workers  applying  chlorsulfuron,  imazapyr, 
metsulfuron  methyl,  and  picloram. 

Routine-realistic  aerial  applications  to  rights-of- 
way  result  in  significant  systemic  risks  to  pilots  from 
amitrole  (96),  atrazine  (40),  diuron  (7),  and  simazine 
(47)  and  to  mixer-loaders  from  amitrole  (38),  atra- 
zine (10),  bromacil  (59),  2,4-D  (63),  dalapon  (55),  diu- 
ron (3),  simazine  (19),  and  triclopyr  (47).  There  are 
no  high  systemic  risks  in  the  realistic  case  to  fuel 
truck  operators.  In  the  routine-worst  case,  there  are 
notable  systemic  risks  to  pilots  from  amitrole  (2), 
atrazine  (-1),  bromacil  (3),  clopyralid  (10),  2,4-D  (3), 
dalapon  (3),  dicamba  (31),  diuron  (-6),  glyphosate 
(62),  hexazinone  (7),  mefluidide  (48),  simazine  (-1), 
sulfometuron  methyl  (35),  tebuthiuron  (6),  triclopyr 
(2),  and  diesel  oil  (29);  to  mixer-loaders  from  ami- 
trole (2),  atrazine  (-2),  bromacil  (2),  clopyralid  (8), 
2,4-D  (3),  dalapon  (2),  dicamba  (25),  diuron  (-8),  gly- 
phosate (48),  hexazinone  (6),  mefluidide  (37),  sima- 
zine (3),  sulfometuron  methyl  (28),  tebuthiuron  (5), 
triclopyr  (2),  diesel  oil  (23),  and  kerosene  (87);  and 
to  fuel  truck  operators  from  amitrole  (65),  atrazine 
(20),  dalapon  (94),  diuron  (5),  and  triclopyr  (81). 

Reproductive  risks  in  the  realistic  case  are  signif- 
icant for  pilots  from  atrazine  (5),  diuron  (74),  and  sim- 
azine (47)  and  for  mixer-loaders  from  atrazine  (2), 
dalapon  (86),  diuron  (30),  simazine  (19),  and  tebuthi- 
uron (47).  There  are  no  significant  reproductive  risks 
to  fuel  truck  operators  in  the  realistic  case.  In  the 
worst  case,  there  are  high  reproductive  risks  to  pilots 
from  atrazine  (-10),  bromacil  (6),  clopyralid  (50), 
2,4-D  (17),  dalapon  (5),  dicamba  (6),  diuron  (2),  gly- 
phosate (20),  hexazinone  (37),  simazine  (3),  tebuthi- 
uron (2),  and  triclopyr  (10);  to  mixer-loaders  from 
atrazine  (-13),  bromacil  (5),  clopyralid  (39),  2,4-D 
(13),  dalapon  (4),  dicamba  (5),  diuron  (1),  glypho- 
sate (16),  hexazinone  (29),  simazine  (3),  tebuthiuron 
(2),  and  triclopyr  (8);  and  to  fuel  truck  operators  from 
atrazine  (3),  diuron  (50),  and  tebuthiuron  (81). 

There  are  significant  cancer  risks  for  pilots  from 
amitrole  (4.86  in  1  million),  atrazine  (3.08  in  10  thou- 
sand), bromacil  (2.13  in  1  million),  2,4-D  (2.44  in  1 
million),  and  simazine  (1.16  in  10  thousand);  for 
mixer-loaders  from  amitrole  (7.14  in  1  million),  atra- 
zine (4.53  in  10  thousand),  bromacil  (3.13  in  1  mil- 
lion), 2,  4-D  (3.58  in  1  million),  and  simazine  (1.71 
in  10  thousand);  and  for  fuel  truck  operators  from 
atrazine  (9.59  in  1  million)  and  simazine  (3.62  in  1 
million). 


Backpack  Applications.  Risk  estimates  for  backpack 
applicators  on  rights-of-way  do  not  exceed  the  sys- 
temic, reproductive,  or  cancer  risk  criteria  as  a  result 
of  the  use  of  chlorsulfuron,  imazapyr,  mefluidide, 
metsulfuron  methyl,  picloram,  or  kerosene. 

Backpack  applicators  receiving  routine-realistic 
exposures  on  rights-of-way  are  expected  to  have  sig- 
nificant systemic  risks  from  diuron  (43).  In  the  worst 
case,  high  risks  result  from  use  of  amitrole  (23),  at- 
razine (2),  bromacil  (14),  clopyralid  (23),  2,4-D  (8), 
dalapon  (36),  diuron  (3),  hexazinone  (91),  simazine 
(92),  sulfometuron  methyl  (81),  triclopyr  (11),  and 
diesel  oil  (67). 

Excess  reproductive  risks  to  backpack  applicators 
on  rights-of-way  may  result  from  atrazine  (35)  under 
realistic  conditions.  In  the  worst  case,  there  may  be 
high  reproductive  risks  from  atrazine  (2),  bromacil 
(28),  2,4-D  (38),  dalapon  (57),  dicamba  (27),  diuron 
(28),  glyphosate  (45),  simazine  (92),  tebuthiuron 
(61),  and  triclopyr  (45). 

There  are  significant  cancer  risks  to  backpack 
applicators  treating  rights-of-way  with  atrazine  (1.51 
in  100  thousand),  2,4-D  (1.19  in  1  million),  and  sim- 
azine (5.69  in  1  million). 


Ground  Mechanical  Applications.  MOSs  are  all 
greater  than  100  and  cancer  risks  less  than  1  in  1 
million  for  ground  mechanical  workers  on  rights- 
of-way  for  applications  of  chlorsulfuron,  imazapyr, 
metsulfuron  methyl,  picloram,  and  kerosene. 

Routine-realistic  ground  mechanical  applications 
of  herbicides  on  rights-of-way  may  lead  to  signifi- 
cant systemic  risks  to  applicators  from  diuron  (70); 
to  mixer-loaders  from  2,4-D  (79),  and  diuron  (29); 
and  to  applicator/mixer-loaders  from  2,4-D  (81 ),  and 
diuron  (30).  Worst  case  applications  may  cause  high 
systemic  risks  to  applicators  from  amitrole  (4),  atra- 
zine (1),  bromacil  (6),  clopyralid  (19),  2,4-D  (6), 
dalapon  (5),  dicamba  (60),  diuron  (-3),  hexazinone 
(14),  mefluidide  (90),  simazine  (8),  sulfometuron 
methyl  (67),  tebuthiuron  (12),  triclopyr  (5),  and  die- 
sel oil  (56);  to  mixer-loaders  from  amitrole  (9),  atra- 
zine (3),  bromacil  (14),  clopyralid  (45),  2,4-D  (15), 
dalapon  (13),  diuron  (-1),  hexazinone  (34),  simazine 
(20),  tebuthiuron  (28),  and  triclopyr  (11);  and  for 
applicator/mixer-loaders  from  amitrole  (7),  atrazine 
(3),  bromacil  (10),  clopyralid  (34),  2,4-D  (11), 
dalapon  (10),  diuron  (-2),  hexazinone  (25),  simazine 
(12),  tebuthiuron  (21),  triclopyr  (8),  and  diesel  oil 
(99). 

In  the  routine-realistic  case,  significant  reproduc- 
tive risks  are  posed  for  applicators  from  atrazine 
(56),  for  mixer-loaders  from  atrazine  (24),  and  for 
applicator/mixer-loaders  from  atrazine  (24).  In  the 
worst  case,  there  are  notable  reproductive  risks  for 
applicators  from  atrazine  (-5),  bromacil  (12),  clopy- 
ralid (94),  2,4-D  (31),  dalapon  (9),  dicamba  (11),  diu- 
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ron  (3),  glyphosate  (38),  hexazinone  (70),  simazine 
(8),  tebuthiuron  (5),  and  triclopyr  (19);  for  mixer- 
loaders  from  atrazine  (-2),  bromacil  (28),  2,4-D  (76), 
dalapon  (21),  dicamba  (27),  diuron  (7),  glyphosate 
(91),  simazine  (20),  tebuthiuron  (11),  and  triclopyr 
(45);  and  to  applicator/mixer-loaders  from  atrazine 
(-3),  bromacil  (21),  2,4-D  (56),  dalapon  (15), 
dicamba  (20),  diuron  (5),  glyphosate  (67),  simazine 
(12),  tebuthiuron  (8),  and  triclopyr  (34). 

Significant  cancer  risks  are  present  for  applicators 
from  amitrole  (1.72  in  1  million),  atrazine  (1.06  in  10 
thousand),  2,4-D  (1.06  in  1  million),  and  simazine 
(3.99  in  100  thousand);  for  mixer-loaders  from  atra- 
zine (5.01  in  100  thousand)  and  simazine  (1.89  in  100 
thousand);  and  for  applicator/mixer-loaders  from 
amitrole  (1.14  in  1  million),  atrazine  (6.49  in  100  thou- 
sand), 2,4-D  (1.03  in  1  million),  and  simazine  (2.45 
in  100  thousand). 


Hand  Applications.  There  are  no  excessive  sys- 
temic, reproductive,  or  cancer  risks  to  hand  applica- 
tors from  the  use  of  clopyralid,  hexazinone,  im- 
azapyr,  picloram,  or  kerosene  on  rights-of-way. 

Workers  applying  herbicides  by  hand  equipment 
on  rights-of-way  are  at  systemic  risk  from  2,4-D  (65), 
diuron  (24),  mefluidide  (58),  metsulfuron  methyl 
(49),  sulfometuron  methyl  (97),  and  triclopyr  (97)  in 
the  routine-realistic  case.  Under  worst  case  assump- 
tions, applicators  are  at  high  systemic  risk  from  ami- 
trole (35),  atrazine  (30),  bromacil  (44),  chlorsulfuron 
(45),  2,4-D  (12),  dalapon  (19),  diuron  (4),  mefluidide 
(10),  metsulfuron  methyl  (9),  sulfometuron  methyl 
(17),  tebuthiuron  (29),  triclopyr  (17),  and  diesel  oil 
(52). 

Realistic  exposures  may  result  in  excess  reproduc- 
tive risks  from  atrazine  (19)  and  tebuthiuron  (65). 
Worst  case  exposures  may  lead  to  significant  repro- 
ductive risks  from  atrazine  (3),  bromacil  (87),  2,4-D 
(58),  dalapon  (30),  dicamba  (42),  diuron  (44),  glypho- 
sate (93),  tebuthiuron  (12),  and  triclopyr  (70). 

Cancer  risks  to  hand  applicators  on  rights-of-way 
exceed  1  in  1  million  for  atrazine  (2.26  in  100  thou- 
sand), 2,4-D  (1.79  in  1  million),  and  simazine  (8.52 
in  1  million). 


Risks  From  Accidents 

There  are  significant  risks  of  systemic  effects  from 
all  herbicides  used  on  rights-of-way  as  a  result  of  a 
spill  of  herbicide  concentrate  or  mixture  onto  the 
skin.  There  is  a  significant  risk  of  systemic  effects 
from  a  direct  spray  of  a  person  from  all  herbicides 
except  chlorsulfuron,  glyphosate,  imazapyr,  meflui- 
dide, metsulfuron  methyl,  picloram,  sulfometuron 
methyl,  and  kerosene.  There  is  a  significant  risk  of 
systemic  effects  from  drinking  water  that  has  been 


directly  sprayed  with  amitrole,  atrazine,  2,4-D, 
dalapon,  diuron,  simazine,  or  triclopyr.  There  is  a 
high  systemic  risk  from  eating  fish  from  a  body  of 
water  that  has  been  directly  sprayed  with  amitrole, 
atrazine,  bromacil,  clopyralid,  2,4-D,  dalapon,  diu- 
ron, hexazinone,  simazine,  and  triclopyr.  Immediate 
reentry  by  a  hiker  results  in  significant  systemic  risks 
from  atrazine  and  diuron.  Immediate  reentry  by  a  ber- 
rypicker  results  in  significant  systemic  risks  from  all 
herbicides  used  on  rights-of-way  except  chlorsul- 
furon, imazapyr,  metsulfuron  methyl,  picloram,  and 
kerosene.  Eating  directly  sprayed  berries  results  in 
high  risks  from  amitrole,  atrazine,  bromacil,  clopy- 
ralid, 2,4-D,  dalapon,  diuron,  hexazinone,  simazine, 
tebuthiuron,  and  triclopyr.  Drinking  water  that  has 
been  contaminated  by  a  helicopter  jettison  of  herbi- 
cide mixture  results  in  high  systemic  risks  from  all 
herbicides  except  chlorsulfuron,  glyphosate, 
imazapyr,  mefluidide,  metsulfuron  methyl,  and  kero- 
sene. Drinking  water  that  has  been  contaminated  by 
a  batch  truck  spill  poses  significant  systemic  risks 
from  all  herbicides  except  imazapyr. 

There  are  significant  risks  of  reproductive  effects 
from  all  herbicides  used  on  rights-of-way  as  a  result 
of  a  spill  of  herbicide  concentrate  or  mixture  onto 
the  skin.  There  is  a  significant  risk  of  reproductive 
effects  from  a  direct  spray  of  a  person  from  atrazine, 
bromacil,  2,4-D,  dalapon,  dicamba,  diuron,  glypho- 
sate, simazine,  tebuthiuron,  and  triclopyr.  There  is 
a  significant  risk  of  reproductive  effects  from  drink- 
ing water  that  has  been  directly  sprayed  with  atra- 
zine, diuron,  simazine,  or  tebuthiuron.  There  is  a 
high  reproductive  risk  from  eating  fish  from  a  body 
of  water  that  has  been  directly  sprayed  with  amitrole, 
atrazine,  bromacil,  2,4-D,  dalapon,  dicamba,  diuron, 
simazine,  tebuthiuron,  and  triclopyr.  Immediate 
reentry  by  a  hiker  results  in  a  significant  reproduc- 
tive risk  from  atrazine.  Immediate  reentry  by  a  ber- 
rypicker  results  in  significant  reproductive  risks 
from  atrazine,  bromacil,  clopyralid,  2,4-D,  dalapon, 
dicamba,  diuron,  glyphosate,  hexazinone,  simazine, 
tebuthiuron,  and  triclopyr.  Eating  directly  sprayed 
berries  results  in  high  risks  from  amitrole,  atrazine, 
bromacil,  2,4-D,  dalapon,  dicamba,  diuron,  sima- 
zine, tebuthiuron,  and  triclopyr.  Drinking  water  that 
has  been  contaminated  by  a  helicopter  jettison  of 
herbicide  mixture  results  in  high  reproductive  risks 
from  amitrole,  atrazine,  bromacil,  2,4-D,  dalapon, 
dicamba,  diuron,  glyphosate,  hexazinone,  simazine, 
tebuthiuron,  and  triclopyr.  Drinking  water  that  has 
been  contaminated  by  a  batch  truck  spill  poses  sig- 
nificant systemic  risks  from  all  herbicides  except 
chlorsulfuron,  imazapyr,  mefluidide,  metsulfuron 
methyl,  and  the  carriers  diesel  oil  and  kerosene. 

Significant  cancer  risks  from  accidents  on  rights- 
of-way  are  presented  by  amitrole,  atrazine,  bro- 
macil, 2,4-D,  and  simazine  foraspill  of  herbicide  con- 
centrate or  mixture  onto  the  skin,  and  for  drinking 
water  that  has  been  contaminated  by  a  batch  truck 
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spill.  Amitrole,  atrazine,  and  simazine  pose  signifi- 
cant cancer  risks  from  eating  fish  from  directly 
sprayed  water,  eating  berries  that  have  been  directly 
sprayed,  or  drinking  water  that  has  been  contami- 
nated by  a  helicopter  jettison  of  herbicide  mixture. 
Atrazine  and  simazine  pose  a  significant  cancer  risk 
as  a  result  of  a  direct  spray  of  a  person  or  immediate 
reentry  to  a  treated  area  by  a  berrypicker.  Amitrole 
and  atrazine  have  a  high  risk  from  drinking  water 
that  has  been  directly  sprayed.  There  are  no  cancer 
risks  greater  than  1  in  1  million  as  a  result  of  imme- 
diate reentry  by  a  hiker. 


Public  Recreation  and  Cultural 
Sites 


glyphosate,  hexazinone,  imazapyr,  picloram,  sima- 
zine, tebuthiuron,  triclopyr,  and  the  carriers  diesel 
oil  and  kerosene. 


Risks  to  Members  of  the  Public 


Aerial  Applications.  BLM  does  not  use  aerial  appli- 
cations on  public  recreation  and  cultural  sites. 


Backpack  Applications.  No  significant  systemic, 
reproductive,  or  cancer  risks  to  members  of  the  pub- 
lic are  expected  from  backpack  application  of  herbi- 
cides on  BLM-managed  public  recreation  and  cul- 
tural sites. 


Risks  from  herbicide  applications  on  public  recre- 
ation and  cultural  sites  are  summarized  in  Table 
E5-15  for  members  of  the  public,  Table  E5-16  for 
workers,  and  Table  E5-17  for  accidents.  The  herbi- 
cides used  on  public  recreation  and  cultural  sites  are 
atrazine,  chlorsulfuron,  2,4-D,  dalapon,  dicamba, 


Ground  Mechanical  Applications.  Nosignificant  sys- 
temic, reproductive,  or  cancer  risks  to  members  of 
the  public  are  expected  from  ground  mechanical 
application  of  herbicides  on  BLM-managed  public 
recreation  and  cultural  sites. 


Table  E5-15 

High  Risks  to  Members  of  the  Public  From  Herbicide  Use  on  Recreation  and  Cultural 

Sites 


Exposure  Scenario 


Typical  Exposures 


Worst-case  Exposures 


Systemic      Reproductive      Systemic      Reproductive      Cancer 


Backpack  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 

Ground  Mechanical  Applications 

Spray  Drift,  Dermal 

Vegetation  Contact,  Hiker 

Vegetation  Contact,  Picker 

Drinking  Water 

Eating  Berries 

Eating  Fish 

Hiker 

Berrypicker 

Angler 

Nearby  Resident 


Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or 
a  cancer  risk  greater  than  1-in-1  million. 
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Table  E5-16 
High  Risks  to  Workers  From  Herbicide  Use  on  Recreation  and  Cultural  Sites 


Exposure  Scenario 


Typical  Exposures 
Systemic      Reproductive 


Worst-case  Exposures 


Systemic 


Reproductive 


Cancer 


Backpack  Applications 

Applicator 

Ground  Mechanical  Operations 

Applicator 

Mixer-loader 
Applicator/mixer-loader 

Hand  Applications 

Applicator 


4D.TC 


AT,  TB 


AT,  4D,  DP,  HX,       AT,  4D,  DP, 
SI,  TC,  DE  DC,  GP,  SI 


AT,  SI 


4D,  DP,  SI,  TC 

AT,  DC,  GP, 
SI.TB 

AT,  SI 

4D 

AT,  DC 

AT 

4D,  SI 

AT,  DC,  SI,  TB 

AT,  SI 

AT,  CS,  4D,  DP,       AT,  4D,  DP,  DC,       AT,  4D,  SI 
SI,  TB,  TC,  DE        GP,  SI,  TB,  TC 


AT  =  Atrazine;  CS  =  Chlorsulfuron;  4D  =  2,4-D;  DP  =  Dalapon;  DC  =  Dicamba;  GP  =  Glyphosate;  HX  =  Hexazinone; 
SI  =  Simazine;  TB  =  Tebuthiuron;  TC  =  Triclopyr;  DE  =  Diesel. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed 
use.  Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or  a  cancer  risk 
greater  than  1-in-1  million. 


Table  E5-17 
High  Risks  From  Accidents  From  Herbicide  Use  on  Recreation  and  Cultural  Sites 


Exposure  Scenario 


Systemic 


Reproductive 


Cancer 


Skin  Spill,  Concentrate 
Skin  Spill,  Mixture 
Immediate  Reentry,  Hiker 
Immediate  Reentry,  Picker 

Eating  Directly  Sprayed  Berries 

Drinking  Water  Contaminated  by 
a  Truck  Spill 


All  except  DP,  TB 
All 

AT,  4D,  DP,  DC,  GP, 
HX,  SI,  TB,  TC,  DE 

AT,  4D,  SI 

All  except  IP 


All  except  DP,  TB  AT,  4D,  SI 

All  AT,  4D,  SI 


AT,  4D,  DP,  DC,  SI 

GP,  SI,  TB,  TC 

AT,  DC,  SI,  TB  — 

AT,  4D,  DP,  DC,  GP,  HX,  PC,       AT,  4D,  SI 
SI,  TB,  TC 


AM  =  Amitrole;  AT  =  Atrazine;  BR  =  Bromacil;  CS  =  Chlorsulfuron;  CP  =  Clopyrali^  4D  =  2,4-D;  DP  = 
Dalapon;  DC  =  Dicamba;  DU  =  Diuron;  GP  =  Glyphosate;  HX  =  Hexazinone;  IP  =  Imazap  <r;  MF  =  Mefluidide; 
MM  =  Metsulfuron  methyl;  PC  =  Picloram;  SI  =  Simazine;  SM  =  Sulfometuron  methyl;  TB  =  Tebuthiuron; 
TC  =  Triclopyr;  DE  =  Diesel;  KE  =  Kerosene. 

Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined 
that  amitrole  is  no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the 
Record  of  Decision. 

Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered 
for  proposed  use.  Therefore,  dalapon  is  no  longer  considered  for  use. 

Note:  High  risks  are  defined  as  those  exposures  that  may  result  in  a  margin  of  safety  less  than  100  or 
a  cancer  risk  greater  than  1-in-1  million. 
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Hand  Applications.  No  significant  systemic,  repro- 
ductive, or  cancer  risks  to  members  of  the  public  are 
expected  from  hand  application  of  herbicides  on 
BLM-managed  public  recreation  and  cultural  sites. 


Risks  to  Workers 


Aerial  Applications.  Aerial  applications  are  not  used 
on  BLM-managed  public  recreation  and  cultural 
sites. 


Backpack  Applications.  There  are  no  significant 
risks  to  backpack  applicators  on  BLM-managed  pub- 
lic recreation  and  cultural  sites  from  the  use  of  chlor- 
sulfuron,  imazapyr,  picloram,  tebuthiuron,  and  kero- 
sene. 

Systemic  MOSs  are  greater  than  100  for  all  herbi- 
cides in  the  routine-realistic  case.  Under  worst  case 
assumptions,  there  are  significant  systemic  risks 
from  atrazine  (7),  2,4-D  (10),  dalapon  (36),  hexazi- 
none  (91),  simazine  (91),  triclopyr  (30),  and  diesel 
oil  (67). 

ReproductiveMOSsaregreaterthanlOOforall  her- 
bicides in  the  routine-realistic  case.  Under  worst 
case  assumptions,  there  are  significant  reproductive 
risks  from  atrazine  (9),  2,4-D  (50),  dalapon  (57), 
dicamba  (27),  glyphosate  (45),  and  simazine  (91). 

Cancer  risks  for  backpack  applicators  exceed  1  in 
1  million  for  atrazine  (3.77  in  1  million)  and  simazine 
(1.42  in  1  million). 


Ground  Mechanical  Applications.  Use  of  ground 
mechanical  applications  on  BLM-managed  public 
recreation  and  cultural  sites  is  not  expected  to  result 
in  significant  systemic,  reproductive,  or  cancer  risks 
to  workers  from  the  use  of  chlorsulfuron,  hexazi- 
none,  imazapyr,  picloram,  diesel  oil,  or  kerosene. 

Systemic  MOSs  are  greater  than  100  for  all  herbi- 
cides in  the  routine-realistic  case.  Under  worst  case 
assumptions,  there  are  significant  risks  of  systemic 
effects  for  applicators  from  2,4-D  (21 ),  dalapon  (75), 
simazine  (47),  and  triclopyr  (63);  to  mixer-loaders 
from  2,4-D  (50);  and  to  applicator/mixer-loaders 
from  2,4-D  (37),  and  simazine  (84). 

Reproductive  MOSs aregreaterthan100forall  her- 
bicides in  the  routine-realistic  case.  Under  worst 
case  assumptions,  there  are  significant  risks  of  sys- 
temic effects  for  applicators  from  atrazine  (19), 
dicamba  (28),  glyphosate  (75),  simazine  (47),  and 
tebuthiuron  (47);  to  mixer-loaders  from  atrazine  (45) 
and  dicamba  (68);  and  to  applicator/mixer-loaders 
from  atrazine  (34),  dicamba  (50),  simazine  (84),  and 
tebuthiuron  (84). 


Cancer  risks  exceed  1  in  1  million  for  applicators 
from  atrazine  (1.34  in  1  million)  and  simazine  (1.67 
in  1  million),  for  mixer-loaders  from  atrazine  (1.17 
in  1  million),  and  for  applicator/mixer-loaders  from 
atrazine  (1.3  in  1  million)  and  simazine  (1.14  in  1  mil- 
lion). 


Hand  Applications.  MOSs  are  greater  than  100  and 
cancer  risks  less  than  1  in  1  million  for  hand  appli- 
cation workers  on  public  recreation  and  cultural 
sites  from  the  use  of  hexazinone,  imazapyr,  piclo- 
ram, and  kerosene. 

Routine-realistic  hand  equipment  applications 
may  lead  to  significant  systemic  risks  for  applicators 
from  2,4-D  (65),  and  triclopyr  (97).  Worst  case  appli- 
cations are  estimated  to  result  in  systemic  risk  from 
atrazine  (30),  chlorsulfuron  (35),  2,4-D  (12),  dalapon 
(19),  simazine  (35),  tebuthiuron  (29),  triclopyr  (17), 
and  diesel  oil  (52). 

Routine-realistic  reproductive  risks  for  hand  appli- 
cators are  significant  from  atrazine  (19)  and  tebuthi- 
uron (65).  In  the  worst  case,  high  risks  result  from 
atrazine  (3),  2,4-D  (58),  dalapon  (30),  dicamba  (42), 
glyphosate  (93),  simazine  (35),  tebuthiuron  (12),  and 
triclopyr  (70). 

Excess  cancer  risks  are  predicted  to  result  from 
the  use  of  atrazine  (2.26  in  100  thousand),  2,4-D 
(1.79  in  1  million),  and  simazine  (8.52  in  1  million). 


Risks  From  Accidents 

Systemic  MOSs  for  a  spill  of  herbicide  concen- 
trate or  mixture  are  less  than  100  for  all  herbicides 
used  on  public  recreation  and  cultural  sites.  Imme- 
diate reentry  by  a  hiker  would  not  result  in  any  high 
systemic  risks.  Immediate  reentry  by  a  berrypicker 
would  pose  significant  systemic  risks  from  atrazine, 
2,4-D,  dalapon,  dicamba,  glyphosate,  hexazinone, 
simazine,  tebuthiuron,  triclopyr,  and  diesel  oil. 
Eating  directly  sprayed  berries  would  result  in  a  high 
systemic  risk  from  atrazine,  2,4-D,  and  simazine. 
Drinking  water  that  was  contaminated  by  a  batch 
truck  spill  would  presentsignificant  risks  from  all  her- 
bicides used  on  recreation  and  cultural  sites  except 
imazapyr. 

Reproductive  MOSs  are  less  than  100  for  all  her- 
bicides used  on  public  recreation  and  cultural  sites 
for  a  spill  of  concentrate  or  mixture  on  the  skin.  Im- 
mediate reentry  by  a  hiker  does  not  pose  any  signif- 
icant reproductive  risks.  Immediate  reentry  by  a  ber- 
rypicker presents  significant  reproductive  risks  from 
atrazine,  2,4-D,  dalapon,  dicamba,  glyphosate,  sim- 
azine, tebuthiuron,  and  triclopyr.  Eating  berries  that 
have  been  directly  sprayed  results  in  a  high  repro- 
ductive risk  from  atrazine,  dicamba,  simazine,  and 


E5-25 


SECTION  E5  -  RISK  ANALYSIS 


tebuthiuron.  Drinking  water  that  has  been  contam- 
inated by  a  batch  truck  spill  of  mixture  results  in  sig- 
nificant reproductive  risks  from  all  chemicals  used 
on  recreation  and  cultural  sites  except  chlorsul- 
furon,  imazapyr,  diesel  oil,  and  kerosene. 

Significant  cancer  risks  from  accidents  on  rights- 
of-way  are  presented  by  atrazine,  2,4-D,  and  sima- 
zine  for  a  spill  of  herbicide  concentrate  or  mixture 
onto  the  skin.  No  significant  cancer  risks  are 
expected  from  immediate  reentry  to  a  treated  area 
by  a  hiker  or  eating  directly  sprayed  berries.  Sim- 
azine  presents  a  high  cancer  risk  to  a  berrypicker 
that  immediately  reenters  a  treated  area.  Atrazine, 
2,4-D,  and  simazine  present  significant  cancer  risks 
from  drinking  water  that  has  been  contaminated  by 
a  batch  truck  spill  of  herbicide  mixture. 


RISK  ANALYSIS  OF  OTHER 
EFFECTS 

This  section  includes  a  discussion  of  risks  other 
than  those  described  under  systemic  and  reproduc- 
tive effects  and  cancer  risk.  This  includes  risks  from 
inert  ingredients  in  the  formulations,  risk  of  heritable 
mutations,  synergistic  effects,  risks  to  sensitive  indi- 
viduals, and  cumulative  effects.  This  section  also 
includes  a  discussion  on  the  use  of  protective  cloth- 
ing, which  can  reduce  worker  exposure  (and  there- 
fore risks). 


Risks  From  Inert  ingredients 

In  addition  to  the  active  ingredient  for  which  risks 
have  been  quantified  above,  pesticide  formulations 
often  contain  one  or  more  ingredients,  such  as  emul- 
sifiers  or  surfactants,  that  aid  in  ensuring  effective 
application  but  that  are  not  intended  to  contribute 
to  the  mode  of  action  of  toxicity  of  the  mixture.  For- 
mulated products  are  not  normally  tested  in  chronic 
studies,  so  that  kind  of  information  can  be  consid- 
ered a  data  gap  in  this  analysis. 


Risk  of  Heritable  Mutations 

No  human  studies  are  available  that  associate  any 
of  the  herbicides  with  heritable  mutations.  Further- 
more, no  risk  assessments  that  quantify  the  proba- 
bility of  genetic  mutations  in  germ  cells  are  available 
in  the  literature  or  from  the  Environmental  Protec- 
tion Agency.  Laboratory  studies  constitute  the  best 
available  information  on  mutagenic  potential.  Re- 
sults of  the  mutagenicity  assays  conducted  on  the 
herbicides  are  reported  in  Section  E3,  the  hazard 
analysis. 


For  some  of  the  herbicides,  no  validated  mutage- 
nicity tests  exist,  or  the  mutagenicity  tests  con- 
ducted are  insufficient  to  conclude  whether  the 
chemical  may  be  mutagenic.  For  these,  a  conserva- 
tive assumption  may  be  made  that  they  have  the 
potential  to  cause  mutations  in  humans.  In  these 
cases,  the  results  of  carcinogenicity  tests  or  cancer 
risk  assessments  can  be  used  to  estimate  the  risk  of 
heritable  mutations. 

The  rationale  for  this  assumption  is  summarized 
by  the  U.S.  Department  of  Agriculture  (1985)  as  fol- 
lows: 

Since  mutagenicity  and  carcinogenicity 
both  follow  similar  mechanistic  steps  (at 
least  those  that  involve  genetic  toxicity),  the 
increased  risk  of  cancer  can  be  used  to 
approximate  the  quantitative  risk  of  herita- 
ble mutations.  The  basis  for  this  assump- 
tion is  that  both  mutagens  and  at  least  pri- 
mary carcinogens  react  with  DNA  to  form 
a  mutation  or  DNA  lesion  affecting  a  partic- 
ular gene  or  set  of  genes.  The  genetic 
lesions  then  require  specific  metabolic  pro- 
cesses to  occur,  or  the  cells  must  divide  to 
insert  the  lesion  into  the  genetic  code  of  the 
cell.  We  believe  the  cancer  risk  provides  an 
extreme  approximation  to  heritable  muta- 
tions because  cancer  may  involve  many 
types  of  cells,  whereas  heritable  mutations 
involve  only  germinal  (reproductive)  cells. 

Therefore,  it  is  conservatively  assumed  in  this  risk 
assessment  that  the  carcinogenic  risk  estimated  for 
a  given  exposure  also  approximates  the  potential  for 
that  herbicide  to  cause  heritable  genetic  mutations. 


Synergistic  Effects 

Synergistic  effects  of  chemicals  are  those  that 
occur  from  exposure  to  two  chemicals  either  simul- 
taneously or  within  a  relatively  short  period  of  time. 
For  example,  forestry  workers  exposed  to  the  fungi- 
cide thiram  have  experienced  skin  blotching  and 
nausea  from  drinking  alcoholic  beverages  within  10 
days  of  their  thiram  exposure.  Synergism  occurs 
either  when  the  combined  effects  of  the  two  chem- 
icals cannot  be  predicted,  based  on  the  known  toxic 
effects  of  the  individual  chemicals,  or  when  their 
combined  effect  is  much  greater  than  the  sum  of  the 
effects  of  either  chemical  given  alone.  For  example, 
a  mixture  of  the  herbicides  2,4-D  and  picloram  has 
produced  skin  irritation  in  test  animals,  while  neither 
herbicide  alone  has  been  found  to  be  a  skin  irritant. 
Cigarette  smoke  and  asbestos  are  both  known  car- 
cinogens. When  inhaled  in  combination,  they  have 
been  found  to  increase  cancer  risk  eightfold  above 
the  risk  of  persons  exposed  to  asbestos  who  do  not 
smoke. 
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Instances  of  chemical  combinations  that  cause 
synergistic  effects  are  relatively  rare.  Kociba  and 
Mullison  (1985),  in  describing  toxicological  interac- 
tions with  agricultural  chemicals,  state  the  follow- 
ing: 

Our  present  scientific  knowledge  in  toxicol- 
ogy indicates  than  an  exposure  to  a  mixture 
of  pesticides  is  more  likely  to  lead  to  addi- 
tivity or  antagonism  rather  than  synergism 
when  considering  the  toxicological  effects 
of  such  a  combination.  To  be  conservative 
and  for  reasons  of  safety,  an  additive  type 
of  toxicological  response  is  generally 
assumed  rather  than  an  antagonistic  type  of 
response. 

In  the  case  of  registered  pesticides,  a  great 
amount  of  toxicological  information  is  developed 
during  the  research  and  development  of  each  indi- 
vidual pesticide.  In  addition  to  this  information  on 
individual  pesticides,  short-term  toxicity  studies  are 
always  done  before  the  selling  of  a  pesticide  mix- 
ture. Should  synergism  unexpectedly  be  present  in 
a  proposed  commercial  mixture  of  two  pesticides, 
it  would  be  identified  in  such  cases  and  would  then 
be  dealt  with  accordingly.  In  toxicological  tests 
involving  a  combination  of  commercial  pesticides, 
synergism  has  generally  not  been  observed. 

All  herbicide  mixtures  proposed  for  use  in  the 
BLM  Vegetation  Treatment  Program  have  been 
approved  for  use  as  mixtures  by  EPA. 

The  toxic  effects  of  the  possible  chemical  combi- 
nations other  than  the  EPA-registered  commercial 
mixtures  mentioned  are  difficult  to  predict.  Time  and 
money  normally  limit  toxicity  testing  to  the  effects 
of  individual  pesticides.  Moreover,  the  combinations 
that  could  be  tested  are  too  numerous  to  make  that 
testing  feasible.  (The  combinations  of  interest  in  this 
risk  assessment  include  not  only  combinations  of  2 
or  more  of  the  19  herbicides,  but  also  combinations 
of  the  herbicides  with  other  chemicals  that  may  exist 
in  the  environment.) 

Very  little  information  was  available  on  possible 
toxic  interactions  of  these  herbicides  and  carriers. 
Atrazine  facilitates  the  uptake  of  arsenic  by  grapes 
(HSDB 1989).  Picloram  and  2,4-D  have  been  demon- 
strated to  have  a  synergistic  toxic  effect  in  sheep 
(HSDB  1989).  The  toxic  effects  of  kerosene  in 
humans  may  be  exacerbated  by  administration  of 
antiemetics,  epinephrine,  or  alcohol  (HSDB  1989). 

The  EPA  guidelines  for  assessing  the  risk  from 
exposures  to  chemical  mixtures  (EPA  1986)  recom- 
mend using  additivity  models  when  little  information 
exists  on  the  toxicity  of  the  mixture  and  when  com- 
ponents of  the  mixture  appear  to  induce  the  same 
toxic  effect  by  the  same  mode  of  action.  They  sug- 
gest in  their  discussion  of  interactions  (synergistic 
or  antagonistic  effects)  of  chemical  mixtures  that 


"there  seems  to  be  a  consensus  that  for  public  health 
concerns  regarding  causative  (toxic)  agents,  the 
additive  model  is  more  appropriate  [than  any  multi- 
plicative model]." 

The  EPA  guidelines  suggest  using  a  hazard  index 
(HI)  as  the  model  of  additivity  based  on  the  dose  and 
toxicity  reference  level  (NOEL)  for  each  chemical  as 
follows: 

HI  =  D1/L1  +  D2/L2 

where: 

D1  is  the  dose  of  the  first  component  and 

Li  is  the  toxicity  reference  level  (NOEL) 

As  HI  approaches  1,  the  risk  from  the  mixture 
becomes  greater. 

Effects  on  Sensitive  Individuals 

Individual  Sensitivity 

Doull  et  al.  (1980)  describe  hypersensitivity  as  the 
response  of  subjects  at  the  lower  end  of  the  fre- 
quency distribution  in  a  quantal  dose-response 
curve.  Quantal  means  a  subject  either  exhibits  the 
toxic  response  or  does  not,  at  a  given  dose  level.  !f 
the  response  of  a  population  of  test  animals  to  vary- 
ing doses  of  a  chemical  follows  a  normal  distribution 
(bell-shaped  curve),  the  hypersensitive  individuals 
are  those  on  the  left  hand  side  of  the  curve  that 
respond  at  much  lower  doses  than  the  average.  For 
example,  if  the  average  individual  responds  with 
toxic  symptoms  at  a  dose  of  100  mg/kg  and  the  stan- 
dard deviation  of  the  response  is  30  mg/kg,  then 
about  95  percent  of  the  individuals  will  have 
responded  with  those  symptoms  at  doses  from  40 
to  1 60  mg/kg  (2  standard  deviations  from  the  mean), 
and  more  than  99  percent  of  the  individuals  will  have 
responded  with  those  symptoms  at  doses  from  10 
to  190  mg/kg  (3  standard  deviations  from  the  mean). 
Less  than  0.15  percent  of  the  population  will  have 
experienced  toxicity  at  doses  lower  than  10  mg/kg. 
Applying  this  distribution  of  response  to  humans 
would  mean  that  in  a  population  of  10,000,  fewer 
than  15  individuals  would  be  likely  to  experience  tox- 
icity at  doses  lower  than  10  mg/kg.  Those  15  individ- 
uals could  be  considered  the  sensitive  individuals  in 
the  population. 

Although  a  safety  factor  of  10  traditionally  has 
been  used  by  regulatory  agencies  (NRC  1977)  to 
account  for  intraspecies  (that  is,  interindividual)  vari- 
ation, Calabrese  (1985)  has  shown  that  human  sus- 
ceptibility to  toxic  substances  can  vary  two  to  three 
orders  of  magnitude.  Calabrese  examined  a  number 
of  studies  of  human  responses  to  chemicals  and 
found  that  the  safety  factor  of  10  accounts  for  effects 
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in  80  to  95  percent  of  a  population.  Thus,  5  to  20  per- 
cent of  the  population  exhibit  effects  at  doses  out- 
side the  tenfold  range. 


Factors  Affecting  the  Sensitivity  of 
Individuals 

Factors  that  may  affect  individual  susceptibility  to 
toxic  substances  include  diet,  age,  heredity,  preex- 
isting diseases,  and  lifestyle  (Calabrese  1978). 
These  factors  have  been  studied  in  detail  for  very  few 
cases,  and  their  significance  in  controlling  the  tox- 
icity of  the  proposed  pesticides  is  not  known.  How- 
ever, enough  data  have  been  collected  on  other 
chemicals  to  show  that  these  factors  can  be  impor- 
tant. 

Elements  of  the  diet  known  to  affect  toxicity 
include  vitamins  and  minerals  (Calabrese  and  Dor- 
sey  1984).  For  example,  the  mineral  selenium  can 
prevent  the  destruction  of  blood-forming  tissues  by 
chronic  heavy  exposure  to  benzene.  Large  doses  of 
vitamin  C  have  also  been  shown  to  protect  animals 
and  humans  from  toxic  effects  of  chronic  benzene 
exposure.  Vitamin  A  seems  to  have  a  preventative 
effect  on  cancer  induced  by  chemicals  such  as  ben- 
zo(a)pyrene  (found  in  cigarette  and  wood  smoke) 
and  DMBA.  This  effect  has  been  seen  in  laboratory 
animals  and  human  epidemiological  studies.  The 
food  additives  BHT  and  BHA  also  may  be  active  in 
preventing  the  carcinogenicity  of  benzo(a)pyrene. 
Various  levels  of  the  B-vitamin  riboflavin  have  also 
been  tested  with  mixed  results.  Vitamin  C  has  been 
shown  to  prevent  nitrites  from  combining  with 
amines  to  form  nitrosamines,  and  vitamin  E  seems 
to  be  at  least  as  effective  as  vitamin  C.  These  vita- 
mins would  be  likely  to  prevent  formation  of 
N-nitrosoglyphosate  if  conditions  were  otherwise 
favorable  for  its  formation  in  the  human  stomach 
(Calabrese  and  Dorsey  1984). 

Genetic  factors  are  also  known  in  some  cases  to 
be  important  determinants  of  susceptibility  to  toxic 
environmental  agents  (Calabrese  1985).  Suscepti- 
bility to  irritants  and  allergic  sensitivity  vary  widely 
among  individuals  and  are  known  to  be  largely 
dependent  on  genetic  factors.  Race  has  been  shown 
to  be  a  significant  factor  influencing  sensitivity  to  ir- 
ritants, and  some  investigations  have  indicated  that 
women  may  be  more  sensitive  than  men  (Calabrese 
1985). 

A  variety  of  human  genetic  conditions  have  been 
identified  as  possibly  enhancing  susceptibility  to 
environmental  agents.  For  example,  persons  with 
beta-thalassemia  may  be  at  increased  risk  when 
exposed  chronically  to  benzene.  However,  only  one 
condition,  G-6-PD  deficiency,  has  conclusively 
been  demonstrated  to  cause  enhanced  susceptibil- 
ity to  industrial  pollutants.  Several  other  genetic 


conditions  have  been  shown  to  involve  defects  in  the 
cellular  mechanisms  for  repair  of  damage  to  DNA. 
Persons  with  these  diseases  share  an  increased  sen- 
sitivity to  the  effects  of  ultraviolet  light,  which  can 
cause  cancer.  Cells  from  individuals  with  at  least  one 
of  these  diseases,  xeroderma  pigmentosum,  are  also 
sensitive  to  a  variety  of  chemical  substances  impli- 
cated as  causative  agents  of  human  cancers  (Cala- 
brese 1985). 

Persons  with  other  types  of  preexisting  medical 
conditions  may  also  be  at  increased  risk  of  toxic 
effects.  For  example,  sensitivity  to  chemical  skin  ir- 
ritants can  be  expected  to  be  greater  for  people  with 
a  variety  of  chronic  skin  ailments.  Patients  with  these 
conditions  may  be  advised  to  avoid  occupational 
exposure  to  irritating  chemicals  (Shmunes  1980,  as 
cited  in  Calabrese  1985). 


Allergic  Hypersensitivity 

A  particular  form  of  sensitivity  reaction  to  a  for- 
eign substance  is  allergic  hypersensitivity.  Allergic 
hypersensitive  reactions  may  be  immediate,  such  as 
in  anaphylactic  reactions  to  insect  bites  or  penicillin 
injections;  or  they  may  be  delayed  as  in  the  case  of 
immune  responses  to  tuberculin  tests  or  contact  der- 
matitis caused  by  poison  ivy.  The  severe,  immediate 
anaphylactic  reactions,  which  can  be  fatal  if  not 
treated  within  minutes,  are  antigen-antibody  reac- 
tions that  require  large,  complex  organic  molecules 
to  initiate  the  sensitivity.  The  delayed  allergic  hyper- 
sensitive reactions  are  usually  directed  against 
whole  cells  (bacteria,  viruses,  fungi)  but,  as  in  con- 
tact dermatitis,  may  be  induced  by  lower  molecular 
weight  substances,  such  as  the  catechols  of  poison 
ivy,  cosmetics,  drugs,  or  antibiotics  (Volk  and 
Wheeler  1983).  Benzocaine,  neomycin,  formalde- 
hyde, nickel,  chromium,  and  thiram  are  all  known  to 
produce  these  reactions  (Marzulli  and  Maibach 
1983). 


Likelihood  of  Effects  in  Sensitive 
Individuals 

Based  on  the  current  state  of  knowledge,  individ- 
ual susceptibility  to  the  toxic  effects  of  the  19  her- 
bicides cannot  be  predicted.  As  discussed  above, 
safety  factors  have  traditionally  been  used  to 
account  for  variations  in  susceptibility  among  peo- 
ple. The  MOS  approach  used  in  this  risk  assessment 
takes  into  account  much  of  the  variation  in  human 
response  as  discussed  earlier  by  Calabrese  (1985). 
A  safety  factor  of  10  is  used  for  interspecies  varia- 
tion; an  additional  safety  factor  of  10  is  used  for 
intraspecies  variation. 

Thus,  the  normal  MOS  of  1 00  for  both  types  of  vari- 
ation is  generally  considered  by  toxicologists  to  be 
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sufficient  to  ensure  that  most  people  should  experi- 
ence no  toxic  effects.  However,  sensitive  individuals 
may  experience  effects  even  when  the  MOS  is  equal 
to  or  greater  than  100.  In  particular,  in  instances  in 
the  risk  assessment  where  the  MOS  is  less  than  100 
for  an  exposure  to  a  particular  herbicide,  it  is  pos- 
sible that  an  exposed  sensitive  individual  would 
experience  toxic  effects,  whereas  the  average  per- 
son may  not.  It  must  be  noted,  however,  that  sensi- 
tive individuals  compose  only  a  fraction  of  the  pop- 
ulation at  large  and  it  is  therefore  unlikely  that  a 
sensitive  individual  would  be  among  those  few  peo- 
ple who  might  be  exposed  in  any  of  the  applications 
conducted  by  BLM. 


Use  of  Protective  Clothing  to  Limit 
Exposure 

In  estimating  potential  exposures  to  workers,  var- 
ious assumptions  (described  in  Section  E4)  were 
made  regarding  the  use  of  protective  clothing  by  per- 
sons working  directly  with  herbicides.  This  section 
descri  bes  the  effectiveness  of  different  types  of  cloth- 
ing  in  reducing  exposure  to  pesticides,  the  role  of 
fabric  finishes,  and  laundering  clothing  that  has  pes- 
ticide residues. 


Worker  Studies  With  Protective  Clothing 

The  use  of  protective  clothing  can  substantially 
reduce  workerdoses,  and  thereby  increase  their  mar- 
gins of  safety.  As  shown  in  a  number  of  relevant  field 
studies,  protective  clothing  can  reduce  worker  expo- 
sures by  27  to  99  percent.  Typical  protective  clothing 
often  includes  long-sleeved  shirts  or  coveralls, 
gloves,  hats,  and  boots. 

Research  has  demonstrated  that  protective  cloth- 
ing can  substantially  reduce  workerdoses.  Forexam- 
ple,  in  right-of-way  spraying,  doses  received  by 
spray  gun  applicators  wearing  clean  coveralls  and 
gloves  were  reduced  by  68  percent  compared  to 
doses  without  this  protection  (Libich  et  al.  1984). 
During  an  aerial  spraying  operation,  mixer-loaders 
wearing  protective  clothing  reduced  their  exposure 
by  58  percent  compared  to  the  levels  observed  with- 
out precautions  (Lavy  et  al.  1982). 

Most  exposure  for  pesticide  applicators  is  dermal, 
not  inhalation  (Kolmodin-Hedman  et  al.  1983). 
Wolfe  (1972)  has  indicated  that  in  most  pesticide 
applications,  more  than  97  percent  of  the  total  expo- 
sure is  dermal.  Respirator  use  is  of  limited  effective- 
ness in  reducing  overall  doses  to  workers  and  may 
cause  discomfort  due  to  sweating  and  heat  (Davies 
et  al.  1982).  The  hands  are  the  site  of  the  greatest 
potential  pesticide  exposure.  Rubber  gloves  are 


generally  quite  effective  in  reducing  exposure  to 
hands  (Putnam  etal.  1983).  Based  on  a  review  of  the 
field  studies,  protective  clothing  was  normally  found 
to  reduce  mechanical  and  ground  worker  doses  by 
68.1  percent. 

Research  has  shown  that  most  protective  cloth- 
ing, even  rubber  garments  that  were  previously 
thought  to  be  impermeable  (Mansdorf  1986),  allows 
some  level  of  chemical  penetration.  However,  a 
study  by  Davies  et  al.  (1982)  showed  that  when 
orchard  workers  wore  100-percent  cotton  coveralls, 
dermal  doses  of  the  pesticide  ethion  were  less  than 
15  percent  of  the  doses  received  when  they  wore 
their  own  street  clothes.  Putnam  and  co-workers 
found  that  nitrofen  applicators  and  mixer-loaders 
wearing  protective  clothing  reduced  their  exposures 
by  94  to  99  percent  compared  to  the  doses  experi- 
enced without  protection  (Waldron  1985).  Although 
protective  clothing  generally  reduces  worker  expo- 
sures and  resulting  doses,  the  degree  of  protection 
depends  on  the  application  system,  the  work  prac- 
tices, and  the  specific  pesticide. 


Fabric  Finishes 

Fabric  finishes  can  also  affect  doses.  Several  stud- 
ies (Laughlin  et  al.  1986,  Leonas  etal.  1986,  and  Kea- 
schall  et  al.  1986)  have  shown  that  fluorocarbon- 
based  soil-repellent  finishes  increase  the  effec- 
tiveness of  clothing  as  a  barrier  to  chemicals.  Water- 
repellent  finishes  also  contribute  to  the  efficiency  of 
protective  garments.  In  addition,  the  Laughlin  and 
Leonas  studies  demonstrated  that  a  durable-press 
finish  is  undesirable  in  clothing  worn  during  pesti- 
cide use,  because  it  allows  increased  penetration  of 
some  pesticides,  notably  methyl  parathion.  Wearing 
an  undergarment  layer,  such  as  a  tee-shirt,  also 
decreases  the  chemical  dose  received. 


Laundering  Practices 

Laundering  practices  are  important  in  minimizing 
pesticide  exposure.  Heavy  duty  liquid  detergents  are 
more  effective  than  powder  detergents  in  removing 
oil-based  chemicals  and  in  cleaning  cotton/poly- 
ester blends  that  have  a  durable-press  finish  (Raheel 
1987).  Using  a  prewash  spray  also  increases  chem- 
ical removal  (Keaschall  et  al.  1986).  In  general,  it  is 
more  difficult  to  remove  organochlorine  residues 
from  clothing  than  those  of  organophosphates;  and 
carbamates  are  easier  to  remove  than  either  of  these 
types  of  pesticides  (Raheel  1987,  Keaschall  et  al. 
1986).  Clothes  worn  during  any  exposure  to  pesti- 
cides should  be  washed  separately  from  other 
clothes,  to  avoid  potential  transfer  of  residues. 
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This  section  summarizes  the  toxicity  to  wildlife 
and  aquatic  species  of  the  19  herbicides— amitrole, 
atrazine,  bromacil,  chlorsulfuron,  clopyralid,  2,4-D, 
dalapon,  dicamba,  diuron,  glyphosate,  hexazinone, 
imazapyr,  mefluidide,  metsulfuron  methyl,  picioram, 
simazine,  sulfometuron  methyl,  tebuthiuron,  and 
triclopyr— proposed  for  use  for  BLM  vegetation  treat- 
ments. The  term  wildlife  as  used  in  this  section  refers 
to  mammals,  birds,  reptiles,  amphibians,  and  in- 
sects; aquatic  species  include  fish,  aquatic  inverte- 
brates, and  aquatic  life-stages  of  amphibians.  Wild- 
life and  aquatic  species  are  discussed  in  separate 
subsections,  each  with  an  introduction  that  includes 
information  on  toxicity  classifications  and  terminol- 
ogy. 


TERRESTRIAL  HAZARD 
ANALYSIS 

This  hazard  analysis  summarizes  the  findings  of 
laboratory  and  field  studies  that  indicate  the  toxicity 
to  wildlife  of  the  herbicides  and  additives  proposed 
for  BLM  use  for  vegetation  management.  In  many 
cases,  laboratory  studies  of  domestic  animals  have 
been  used  because  of  the  lack  of  specific  wildlife 
studies.  The  results  of  domestic  animal  studies  are 
considered  to  be  representative  of  the  effects  that 
would  occur  in  similar  species  in  the  wild. 

Differences  in  sensitivity  to  toxic  substances  that 
occur  between  species  are  primarily  accounted  for 
by  differences  in  metabolism  (Calabrese  1983). 
Other  important  factors  that  also  account  for  these 
differences  in  sensitivity  are  absorption,  plasma  pro- 
tein binding,  biliary  excretion,  and  intestinal  micro- 
flora (Calabrese  1983). 

Mammalian  toxicity  studies,  as  well  as  carcinoge- 
nicity and  mutagenicity  results,  have  already  been 
summarized  in  Section  E3,  Human  Health  Hazard 
Analysis,  and  will  not  be  repeated  in  detail  here.  The 
relative  toxicity  of  the  chemicals,  based  on  the  range 
of  LDso  values,  was  based  on  the  same  toxicity  cate- 
gories EPA  used  for  humans  (see  Section  E3).  The 
toxicity  rating  used  in  this  risk  assessment  for  honey 
bees  is  that  of  Dr.  Larry  Atkins  (University  of  Califor- 
nia). It  is  based  on  the  amount  of  herbicide  required 
to  kill  a  bee:  less  than  2  micrograms  ug/bee  is  clas- 
sified as  highly  toxic,  2  to  11  ug/bee  is  moderately 
toxic,  and  greater  than  1 1  ug/bee  is  relatively  non- 
toxic (A.  Vaughan,  pers.  comm.  1987). 


The  acute  toxicity  of  the  BLM  herbicides  and  addi- 
tives to  rats  and  mallards  is  summarized  in  Table 
E6-1. 


Amitrole 

Amitrole  is  slightly  toxic  to  birds  and  mammals 
based  on  acute  oral  LDsos  ranging  from  greater  than 
1,100  mg/kg  in  rats  to  greater  than  14,700  mg/kg  in 
mice  (Table  E6-2).  The  acute  oral  LDso  in  mallards 
is  greater  than  2,000  mg/kg  (Hudson  et  al.  1984).  The 
8-day  dietary  LC50  of  amitrole  in  Japanese  quail,  mal- 
lards, and  ring-necked  pheasants  is  greater  than 
5,000  ppm  (USDA  1984).  Toxic  effects  in  birds 
include  muscle  incoordination,  weakness,  and  slight 
wing-drop  (Hudson  et  al.  1984).  No  reproductive  or 
teratogenic  effects  were  caused  by  amitrole  in  mice 
or  rats  (EPA  1984a).  However,  depressed  reproduc- 
tion was  observed  in  mallards  fed  dose  levels  25  per- 
cent below  the  lethal  dose  (USDA  1984).  Chicken 
eggs  injected  with  amitrole  exhibited  toxic  effects  at 
100  ppm  in  one  study  and  malformations  of  the  beak 
and  tibia  at  40  mg/egg  in  another  study  (USDA 
1 984).  The  LCsoof  mallard  eggs  immersed  in  an  aque- 
ous solution  of  amitrole  is  a  concentration  equiva- 
lent to  a  field  application  rate  of  176  lb/acre  (Hoff- 
man and  Albers  1984).  Amitrole  is  primarily  excreted 
unchanged  in  the  urineand  does  not  appear  to  bioac- 
cumulate  in  the  tissues  of  animals  (USDA  1984). 


Atrazine 

Atrazine  is  of  low  toxicity  to  birds  and  mammals 
based  on  acute  oral  LDsos  ranging  from  672  mg/kg 
in  rats  to  4,237  mg/kg  in  Japanese  quail  (Table  E6-3) 
(EPA  1983a,  Gaines  and  Under  1968,  as  cited  in  EPA 
1987a).  Toxic  effects  in  mammals  include  sedation, 
labored  breathing,  ruffled  fur,  and  protruding  eye- 
balls (EPA  1984b).  Atrazine  did  not  cause  irritation 
or  sensitization  of  the  skin  in  rabbits  and  guinea 
pigs,  but  was  irritating  to  the  eyes  of  rabbits  (EPA 
1984b).  In  a  28-day  feeding  study,  body  weight  loss 
was  observed  in  sheep  at  the  lowest  dose  tested  of 
50  mg/kg/day  of  the  Atrazine  80W  formulation  (EPA 
1984b).  In  another  study,  no  effects  were  observed 
in  sheep  given  25  mg/kg/day  for  35  days  (EPA 
1984b).  No  adverse  effects  were  observed  in  ewes 
treated  with  15  mg/kg/day  throughout  pregnancy 
(USDA  1984),  and  no  teratogenic  or  reproductive 
effects  have  been  reported  for  mice  and  rats  (EPA 
1984b). 
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Table  E6-1 

Acute  Toxicity  of  BLM  Herbicides  and  Additives 
to  Rats  and  Mallard  Ducks 


Oral  LD50  (mg/kg) 

Herbicide/  Additive 

Rat 

Mallard 

Amitrole 

greater  than  1,100 

greater  than  2,000 

Atrazine 

672 

greater  than  2,000 

Bromacil 

3,998 

2,250 

Chlorsulfuron 

5,545 

greater  than  5,000 

Clopyralid 

4,300 

No  data 

2,4-D 

Acid 

375 

greater  than  2,000 

Butyl  Ester 

620 

greater  than  2,025 

Dalapon 

7,570 

No  data 

Dicamba  (Banveltm) 

757 

greater  than  2,510 

Diuron 

3,400 

2,000 

Glyphosate 

4,320 

greater  than  2.0001 

Hexazinone 

1,690 

greater  than  1,2502 

Imazapyr 

greater  than  5,000 

greater  than  2,150 

Kerosene 

greater  than  28,000 

No  data 

Diesel  Oil 

greater  than  7,380 

16,400 

Mefluidide 

greater  than  4,000 

No  data 

Metsulfuron  methyl 

greater  than  5,000 

greater  than  2,510 

Picloram 

4,012 

greater  than  2,000 

Simazine 

greater  than  5,000 

greater  than  4,640 

Sulfometuron  methyl 

greater  than  5,000 

greater  than  5,000 

Tebuthiuron 

644 

greater  than  2,000 

Triclopyr,  Technical 

630 

1,698 

Garlon  3A  (amine) 

2,830 

No  data 

Garlon  4  (ester) 

2,140 

greater  than  4,640 

1  Bobwhite;  no  value  for  the  mallard  is  available. 

2  Based  on  a  dietary  LD50  for  mallards  of  10,000  ppm  and  a  conversion 
factor  of  0.125  mg/kg/day  per  ppm  in  diet  for  chicks  (Lehman  1954). 

Note:  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined 
additional  data.  BLM  has  determined  that  amitrole  is  no  longer  considered 
for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record 
of  Decision.  Dalapon  -  Since  drafting  this  document,  producers  are  no 
longer  manufacturing  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 


Avian  toxic  effects  from  atrazine  include  weak- 
ness, hyperexcitability,  muscle  incoordination,  trem- 
ors, and  weight  loss  (Hudson  et  al.  1984).  Eight-day 
dietary  LC50S  for  the  99-percent  active  ingredient 
were  all  greater  than  5,000  ppm  in  Japanese  quail, 
bobwhite  quail,  pheasants,  and  mallards  (EPA 
1983a).  Pheasants  given  15  weekly  doses  of  up  to 
400  mg  of  atrazine  (80  percent  a.i.)  showed  no 
change  in  weight  gain,  number  of  eggs  laid,  eggshell 
thickness,  survival,  and  weight  of  offspring  (Melius 
1975,  as  cited  in  USDA  1984).  Injection  of  eggs  with 
atrazine  caused  reduced  hatching  at  400  ppm  (the 
highest  dose  tested)  (Dunachie  and  Fletcher  1970, 
as  cited  in  USDA  1984).  No  teratogenic  effects  were 
observed.  The  LC50  of  mallard  eggs  immersed  in  an 
aqueous  emulsion  of  atrazine  is  a  concentration 


equivalent  to  a  field  application  greater  than  400  lb/ 
acre  (Hoffman  and  Albers  1984). 

Atrazine  has  a  low  potential  for  bioaccumulation 
in  animals  and  is  readily  metabolized  to  nontoxic 
metabolites  and  rapidly  excreted  through  the  kid- 
neys (USDA  1984). 


Bromacil 

Bromacil  is  slightly  toxic  to  birds  and  mammals 
based  on  the  acute  oral  LD50  of  3,998  mg/kg  in  rats 
(EPA  1984c)  and  the  subacute  8-day  dietary  LC50  of 
greater  than  10,000  ppm  (1,750  mg/kg)  in  bobwhite 
quail  and  mallard  ducks  (EPA  1985a).  Bromacil 
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Table  E6-2 

Acute  Oral  Toxicity  of  Amitrole 
to  Birds  and  Mammals 


Species 


LDso  (mg/kg) 


Rat 

Mouse 

Rabbit 

Cat 

Mallard 

Chicken 


greater  than  1,100 
greater  than  14,700 
greater  than  10,000 
greater  than  1,750 
greater  than  2,000 
greater  than  2,000 


Note:  Amitrole  -  BLM  has  reexamined 
the  risk  assessment  and  examined 
additional  data.  BLM  has  determined  that 
amitrole  is  no  longer  considered  for 
proposed  use  in  this  document.  Amitrole 
will  be  deleted  in  the  Record  of  Decision. 

Source:  EPA  1984a,  Hudson  et  al.  1984, 
USDA1984. 


Table  E6-3 

Acute  Oral  Toxicity  of  Atrazine 
to  Birds  and  Mammals 


Species 

LDso  (mg/kg) 

Rat 

672 

Mouse 

1,750 

Japanese  Quail 

4,237 

Bobwhite  Quail 

940 

Mallard  Duck 

greater  than  2,000 

Pheasant 

greater  than  2,000 

Source:  EPA  1983a,  EPA  1984b,  Hudson 
et  al.  1984,  USDA 1984;  Gaines  and  Under 
1986,  as  cited  in  EPA  1987a. 


Chlorsulfuron 

Chlorsulfuron  is  of  low  toxicity  to  birds  and  mam- 
mals based  on  acute  oral  LDsos  of  5,545  mg/kg  in 
rats  and  greater  than  5,000  mg/kg  in  bobwhite  quail 
and  mallard  ducks  (WSSA  1983).  Mallards  and  bob- 
white  quail  also  have  an  8-day  dietary  LCso  of  greater 
than  5,000  ppm/day  (Worthing  1983).  Toxicity 
values  on  other  terrestrial  wildlife  were  not  reported. 


Clopyralid 

Clopyralid  is  of  low  toxicity  to  birds  and  mammals 
based  on  the  acute  oral  LD50  of  greater  than  4,300 
mg/kg  in  rats  (Agrochemicals  Handbook  1988), 
greater  than  5,000  mg/kg  in  mice  (WSSA  1983),  and 
1,465  mg/kg  in  ducks  (NIOSH  1989)  (Table  E6-4). 
Both  quail  and  ducks  have  8-day  dietary  LC50S  of 
greater  than  4,640  ppm. 

Clopyralid  is  nontoxic  to  bees.  Both  the  oral 
48-hour  LDsoand  contact  LD50  were  greater  than  100 
ug/bee  (Agrochemicals  Handbook  1988). 


Table  E6-4 

Acute  Oral  Toxicity  of  Clopyralid 
to  Birds  and  Mammals 


Species 


LDso  (mg/kg) 


Rat 

greater  than  4,300 

Duck 

1,465 

Mouse 

greater  than  5,000 

Bees 

greater  than  100  ug/bee 

Source:    WSSA    1983,    NIOSH    1989, 
Agrochemicals  Handbook  1988. 


caused  mild  skin  and  eye  irritation  in  rabbits  (EPA 
1984c).  No  reproductive  or  teratogenic  effects  have 
been  observed  in  rats  and  rabbits  exposed  to  bro- 
macil  (EPA  1984c).  Sheep  given  oral  doses  of  50 
mg/kg  for  10  days  experienced  an  8-percent  reduc- 
tion in  body  weight  (Palmer  and  Radeleff  1969). 
Based  on  these  results,  application  rates  of  greater 
than  5  lb/acre  are  considered  hazardous  to  sheep. 

Chickens  given  10  daily  doses  of  250  mg/kg 
showed  a  reduced  rate  of  weight  gain  (Palmer  and 
Radeleff  1969).  Application  rates  of  20  lb/acre  are 
therefore  considered  hazardous  to  chickens. 


2,4-D 

2,4-D  is  moderately  toxic  to  vertebrate  species 
(Table  E6-5).  There aresignificant  differences  in  tox- 
icity to  vertebrates  among  the  forms  of  2,4-D  (am- 
ines, butyl  esters,  isooctyl  esters,  and  propylene 
glycol  butyl  ether  esters)  (Ghassemi  et  al.  1981).  In 
many  instances,  toxic  response  to  a  specific  2,4-D 
formulation  appears  to  be  species-specific  (USDA 
1984).  Oral  LDsos  in  mammals  range  from  100  mg/kg 
for  dogs,  cattle,  and  swine  to  848  mg/kg  for  guinea 
pigs  (USDA  1984,  Ghassemi  et  al.  1981).  Toxic 
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effects  include  gastrointestinal  disturbances,  weight 
loss,  muscle  weakness,  and  loss  of  coordination 
(USDA  1984).  Mild  to  moderate  eye,  skin,  and  res- 
piratory irritation  is  caused  by  some  formulations 
(USDA  1984).  No  teratogenic  or  reproductive  effects 
have  been  observed  in  rats  (EPA  1986a). 

In  birds,  acute  oral  LDsos  range  from  472  mg/kg 
in  pheasants  (3  to  4  months  old)  to  more  than  2,000 
mg/kg  in  mallards  (4  months  old)  (Hudson  et  al. 
1984).  Toxic  effects  include  excessive  thirst  and  sal- 
ivation, tremors,  exhaustion,  and  imbalance  (Hud- 
son et  al.  1984).  Eight-day  dietary  studies  with  the 
dimethylamine  salt  of  2,4-D  and  the  butoxyethanol 
ester  of  2,4-D  yielded  LC50  values  of  more  than  5,000 
ppm  for  Japanese  quail,  bobwhite  quail,  ring- 
necked  pheasants,  and  maliard  ducks  (Hill  et  al. 
1975,  as  cited  in  USDA  1984).  No  reproductive  or 
teratogenic  effects  were  observed  in  the  eggs  of 
chickens  and  pheasants  when  sprayed  with  various 
forms  of  2,4-D,  even  at  dosage  levels  of  up  to  20 
times  the  recommended  field  application  rate 
(USDA  1984).  Chicken  eggs  injected  with  2,4-D  to 
give  concentrations  of  10, 50, 100, 200,  and  300  ppm 


in  the  eggs  resulted  in  hatching  success  rates  of  83, 
1 00, 71 ,  62,  and  0  percent,  respectively,  of  the  control 
hatch  (Dunachie  and  Fletcher  1970,  as  cited  in 
USDA  1984).  The  LC50  of  mallard  eggs  immersed  in 
an  aqueous  emulsion  of  2,4-D  was  a  concentration 
equivalent  to  a  field  application  rate  of  215  kg/ha 
(192  lb/acre)  (Hoffman  and  Albers  1984). 

The  bioaccumulation  ratio  is  low  for  tested  ani- 
mals exposed  to  2,4-D  and  accumulated  residues 
are  rapidly  excreted  once  exposure  ceases  (Norris 
1981,  as  cited  in  USDA  1984).  Very  few  monitoring 
data  exist  on  2,4-D  levels  found  in  wildlife.  However, 
studies  by  Erne  (1974)  in  Sweden  found  levels  of 
2,4-D  residues  that  ranged  from  0.05  to  6  mg/kg  in 
liver  and  kidney  tissue  of  250  samples  of  wildlife 
(including  moose,  roedeer,  reindeer,  red  deer,  fallow 
deer,  hares,  pheasants,  grouse,  and  other  species) 
taken  by  hunters  or  found  dead  during  the  period 
1968  to  1972. 

There  is  some  indication  in  the  literature  that  after 
treatment  with  2,4-D,  palatability  (and  possibly 
increased  toxicity)  of  normally  unpalatable  weeds 


Table  E6-5 
Acute  Oral  Toxicity  of  2,4-D  to  Mammals  and  Birds 


Species 

Form  of  2,4-D 

LDso  (mg/kg) 

Rat 

Acid 
Butyl  ester 

3751 
6201 

Mouse 

Acid 
Butyl  ester 

3681 
3801 

Guinea  Pig 

Acid 
Butyl  ester 

4691 
8481 

Rabbit 

Acid 
Butyl  ester 

8001 
4241 

Dog 

Acid 

1001 

Cat 

Butyl  ester 

8201 

Cattle 

Butyl  ester 

1001 

Mule  Deer  (8-11  months) 

Acid 

400-8002 

Chicken 

Acid 
Butyl  ester 

5411 
2,0001 

Mallard  (4  months) 
(3-5  months) 

Acid 
Sodium  salt 

greater 
greater 

than  2,0002 
than  2,0252 

Pheasant  (3-4  months) 

Acid 

4722 

Pigeon 

Acid 

6681 

Japanese  Quail  (2  months) 

Acid 

6682 

Chukar  (4  months) 

Acid 

200-4002 

1  USDA  1984. 

2  Hudson  etal.  1984. 
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increases  (Irvine  et  al.  1977).  This  was  observed  in 
ragwort  (Senecio  jacobaea,  Britain's  most  serious 
poisonous  weed  to  domestic  livestock)  after  2,4-D 
application  (Irvine etal.  1977).  Increased  palatability 
was  thought  to  be  related  to  an  increased  water- 
soluble  carbohydrate  content.  The  authors  reported 
that  2,4-D  also  may  have  increased  the  total  unsat- 
urated pyrrolizidine  alkaloid  content,  thus  increas- 
ing the  plant's  toxicity.  Based  on  the  results  of  this 
study,  it  was  suggested  that  cattle  be  withheld  from 
pastures  for  about  3  weeks  after  application  of  2,4-D. 
Effects  on  grazing  wildlife  have  not  been  reported. 

Based  on  studies  with  honey  bees,  insects  appear 
to  be  relatively  tolerant  to  high  levels  of  2,4-D  (USDA 
1 984).  The  LD50  of  2,4-D  for  honey  bees  ranged  from 
11.525  ug/bee  for  an  unspecified  route  of  exposure 
to  105  ug/bee  administered  orally  (USDA  1984). 
Bees  fed  purified  2,4-D  had  decreased  lifespans 
(approximately  half  the  lifespan  of  bees  exposed  to 
lower  doses)  at  1,000  ppm;  however,  lifespans  were 
not  shortened  in  bees  fed  up  to  1,000  ppm  of  the 
butoxyethanol  ester,  isooctyl  ester,  or  the  dimethy- 
lamine  salt  of  2,4-D  (USDA  1984).  A  temporary 
decrease  in  reproductive  rate  was  observed  in  bees 
fed  1 00  ppm  or  more  of  an  unspecified  2,4-D  formu- 
lation (presumed  to  be  an  acid),  although  no  effects 
were  observed  at  10  ppm.  The  effect  was  reversible 
and  abated  when  exposure  was  stopped  (USDA 
1984). 


Dalapon 

Based  on  acute  oral  LD50S  ranging  from  3,860 
mg/kg  in  rabbits  and  guinea  pigs  to  7,570  mg/kg  in 
rats,  dalapon  is  of  low  toxicity  to  wildlife  (EPA 
1984d)  (Table  E6-6).  Dalapon  causes  slight  to  mod- 
erate dermal  and  eye  irritation  in  rabbits  (EPA  1 984d, 
USDA  1 984).  Cattle  given  oral  capsules  of  500  mg/kg 
for  10  days  exhibited  no  adverse  effects  (Kenaga 
1974,  as  cited  in  USDA  1984).  Calves  given  oral 
doses  of  1,000  mg/kg  for  10  days  experienced  diar- 
rhea, anorexia,  weight  loss,  slowed  pulse  rate,  and 
mucous  discharge  (Paynter  et  al.  1960,  as  cited  in 
USDA  1984). 

Calves  showed  no  adverse  effects  when  fed  grass 
and  oats  treated  with  up  to  30  lb/acre  (USDA  1984). 

Sheep  given  daily  oral  capsules  of  100  mg/kg  for 
10  and  481  days  showed  6  percent  and  10  percent 
weight  loss,  respectively  (Kenaga  1974,  as  cited  in 
USDA  1984).  However,  in  another  study,  sheep 
given  daily  oral  doses  of  100  mg/kg  for  35  days 
showed  no  ill  effects  (Paynter  et  al.  1960,  as  cited 
in  USDA  1984).  Sheep  fed  oats  treated  with  up  to 
20  lb/acre  exhibited  no  adverse  effects  (USDA 
1984). 

Dalapon  caused  no  teratogenic  or  reproductive 
effects  in  rats  (EPA  1984d).  Dalapon  is  rapidly 


Table  E6-6 

Acute  Oral  Toxicity  of 
Dalapon  to  Mammals  and  Birds 


Species 


LD50  (mg/kg) 


Rat 

7,570 

Mouse 

4,600 

Guinea  pig 

3,860 

Rabbit 

3,860 

Chicken 

5,660 

Source:  EPA  1984d. 

Note:  Dalapon  -  Since  drafting  this 
document,  producers  are  no  longer 
manufacturing  formulations  registered 
for  proposed  use.  Therefore,  dalapon  is 
no  longer  considered  for  use. 

excreted  in  the  urine  after  ingestion,  and  very  few 
residues  remain  in  tissues  of  animals  (USDA  1984). 

Dalapon  is  very  slightly  toxic  to  birds  based  on  the 
acute  oral  LD50  of  5,660  mg/kg  in  chickens  (EPA 
1984d).  The  subacute  dietary  LC50  is  greater  than 
5,000  ppm  for  Japanese  quail,  ring-necked  pheas- 
ants, and  mallard  ducks  (Hill  et  al.  1975,  as  cited  in 
USDA  1984).  The  NOEL  for  chickens  given  oral 
doses  of  dalapon  for  10  days  is  100  mg/kg/day, 
based  on  decreased  weight  gain  at  the  250-  and 
500-mg/kg  dose  levels  (Palmer  and  Radeleff  1969). 
Ten  percent  mortality  was  observed  in  adult  pheas- 
ants given  5,000  ppm  (250  mg/kg/day)  in  the  diet  for 
10  days  (USDA  1984).  High  mortality  rates  (up  to  95 
percent)  were  observed  in  pheasants,  mallards,  and 
bobwhites  given  5,000  ppm  in  the  diet  for  24  to  169 
days  (USDA  1984). 

Dalapon  has  been  observed  to  cause  depressed 
reproduction  in  mallards  fed  levels  of  less  than  25 
percent  the  lethal  dose  (USDA  1984).  Female  mal- 
lards and  pheasants  given  1,000  to  5,000  ppm  in  the 
diet  laid  fewer  eggs,  although  female  bobwhites  fed 
the  same  amounts  showed  no  change  in  the  number 
of  eggs  laid  (USDA  1984).  No  effects  on  hatching 
success  or  viability  were  observed  in  eggs  of  treated 
females.  Chicken  eggs  injected  with  dalapon 
showed  decreased  hatching  rates  at  concentrations 
of  300  ppm  or  more  (Dunachie  and  Fletcher  1970, 
as  cited  in  USDA  1984).  The  LC50  of  mallard  eggs 
immersed  in  an  aqueous  solution  of  dalapon  was  a 
concentration  equivalent  to  a  field  application  rate 
of  greater  than  375  lb/acre,  which  is  more  than  25 
times  greater  than  the  field  application  rate  (Hoff- 
man and  Albers  1984). 

Dalapon  is  relatively  nontoxic  to  honey  bees. 
Honey  bees  momentarily  dipped  in  a  20,000-ppm 
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solution  of  dalapon  showed  no  mortality  after  24 
hours  (Kenaga  1974,  as  cited  in  USDA  1984).  Bees 
fed  1 ,000  ppm  dalapon  by  weight  in  sucrose  showed 
an  increased  mortality,  but  bees  fed  100  ppm 
dalapon  showed  no  increased  mortality  compared 
to  controls  (Morton  et  al.  1972,  as  cited  in  USDA 
1984). 

Dicamba 

Technical  dicamba  is  slightly  toxic  to  mammals 
based  on  oral  LD50S  of  757  mg/kg  in  rats  and  1,189 
mg/kg  in  mice  (USDA  1984).  The  oral  LD50  for  gui- 
nea pigs  is  3,000  mg/kg  and  for  rabbits  566  mg/kg 
(WSSA  1983).  Technical  dicamba  caused  mild 
dermal  irritation  and  mild  to  moderate  eye  irritation 
in  rabbits  (EPA  1986b).  The  acute  oral  LD50  of  the 
BanveP"  formulation  is  1,707  mg/kg  in  rats  (USDA 
1984).  A  study  with  Banvel™  showed  that  the  chem- 
ical has  a  moderate  potential  for  causing  dermal  sen- 
sitization in  guinea  pigs  (EPA  1986b).  Ten  daily  oral 
doses  of  250  mg/kg  of  the  Banvel  D  formulation 
caused  no  adverse  effect  in  sheep  (Palmer  and  Rade- 
leff  1969).  Two  doses  of  500  mg/kg  of  Banvel  D 
caused  death  in  sheep.  However,  one  oral  dose  of 
1,000  mg/kg  caused  no  adverse  effect  in  sheep 
(Palmer  and  Radeleff  1969). 

Dicamba  has  not  been  observed  to  be  teratogenic 
in  rats  and  rabbits  (EPA  1986b).  In  a  three- 
generation  reproduction  study  with  rats,  no  repro- 
ductive effects  occurred  at  the  highest  dose  tested, 
25  mg/kg/day  (EPA  1986b).  Dicamba  is  rapidly 
excreted  in  urine,  primarily  in  its  parent  form, 
although  some  is  excreted  either  as  a  conjugate  with 
glucoronic  acid  or  as  3,6-dichloro-2-hydroxyben- 
zoic  acid,  and  dicamba  does  not  bioaccumulate  in 
animal  tissues  (USDA  1984). 

EPA  (1983b)  has  characterized  technical  dicamba 
and  formulated  dicamba  acid  and  its  salts  as  slightly 


toxic  to  avian  wildlife.  The  8-day  dietary  LC50  of  tech- 
nical dicamba  acid  is  greater  than  10,000  ppm  (1,750 
mg/kg)  in  bobwhite  quail  and  mallard  ducks  (EPA 
1983c).  An  acute  oral  LD50  of  673  mg/kg  was 
reported  for  technical  dicamba  in  pheasants  (USDA 
1984).  The  acute  oral  LD50S  of  the  formulated  prod- 
ucts were  all  greater  than  2,510  mg/kg  in  mallards, 
and  8-day  dietary  LCsos  were  all  greater  than  4,640 
ppm  in  mallards  and  bobwhitequail  (EPA  1983c).  Re- 
sults of  avian  toxicity  studies  on  formulated  prod- 
ucts of  dicamba  are  summarized  in  Table  E6-7. 

No  teratogenic  effects  were  observed  in  chicken 
eggs  injected  with  dicamba;  however,  hatching  suc- 
cess was  reduced  at  the  highest  dose  tested  of  400 
ppm  (USDA  1984).  The  LC50  of  mallard  eggs 
immersed  in  an  aqueous  solution  of  dicamba  was 
greater  than  a  concentration  equivalent  to  a  field 
application  rate  of  200  lb/acre  (Hoffman  and  Albers 
1984).  However,  eye  malformations  and  stunted 
growth  were  observed  at  unspecified  levels  that 
were  below  the  reported  LC50  (Hoffman  and  Albers 
1984). 

Most  invertebrate  studies  indicate  that  dicamba  is 
moderately  toxic  to  insects.  The  oral  LD50  of 
dicamba  for  honey  bees  ranged  from  3.6  ug/bee  to 
greater  than  10  ug/bee  (USDA  1984).  Contact  stud- 
ies with  dicamba  reported  LDsos  of  greater  than  100 
ug/bee  and  greater  than  91  ug/bee  (2.6  percent  mor- 
tality was  observed  at  91  ug/bee)  (USDA  1984).  Such 
doses  far  exceed  those  encountered  in  the  field 
because  a  field  application  of  1.12  kg/ha  (1  lb/acre) 
would  result  in  a  contact  dose  equivalent  to  1.25 
ug/bee  (Ghassemietal.  1981).  Ingestion  of  technical 
dicamba  and  the  Banvel  D4S  formulation  for  up  to 
60  days  had  no  effect  on  the  mortality  of  honey  bees 
at  the  highest  dose  tested  of  1,000  ppm  (Morton  et 
al.  1972,  as  cited  in  USDA  1984).  Cockroaches  fed 
1 ,000  ppm  dicamba  in  food  showed  no  developmen- 
tal or  reproductive  effects  (USDA  1984). 


Table  E6-7 
Results  of  Avian  Toxicity  Studies  With  Formulated  Dicamba 


Formulation 


Mallard 


Bobwhite  Quail 


4  lb/gal  dimethylamine 
salt  (Banvel) 

1  lb/gal  dimethylamine 
salt  (Banvel  CST) 

55%  aluminum  salt 


2  lb/gal  sodium  salt 


Oral  LD50  greater  than  2,510  mg/kg 
Dietary  LC50  greater  than  4,640  ppm 

Oral  LD50  greater  than  2,510  mg/kg 
Dietary  LC50  greater  than  5,620  ppm 

Oral  LD50  greater  than  2,510  mg/kg 
Dietary  LC50  greater  than  5,620  ppm 

Dietary  LC50  greater  than  10,000  ppm 


Dietary  LC50  greater  than  4,640  ppm 

Dietary  LC50  greater  than  5,620  ppm 

Dietary  LC50  greater  than  5,620  ppm 
Dietary  LC50  greater  than  10,000  ppm 


Source:  EPA  1983c. 
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Based  on  current  information,  EPA  (1983c)  has 
concluded  that  dicamba  is  unlikely  to  directly  affect 
wildlife  species. 


Diuron 

Diuron  is  slightly  toxic  to  mammals  based  on  the 
acute  oral  LD50  of  3,400  mg/kg  in  rats  (WSSA  1983). 
Central  nervous  system  (CNS)  depression  was 
observed  in  mammals  at  high  doses.  Diuron  was  not 
irritating  to  the  eyes  and  skin  of  rabbits  in  primary 
irritation  studies  (EPA  1986c).  Diuron  did  not  cause 
teratogenic  or  reproductive  effects  in  rats  (EPA 
1986c).  According  to  Palmer  and  Radeleff  (1969), 
application  rates  of  up  to  9.6  lb/acre  would  not  be 
dangerous  to  sheep  or  cattle. 

Diuron  is  very  slightly  toxic  to  birds  based  on  the 
oral  LD50  of  greater  than  2,000  mg/kg  in  mallard 
ducks  (EPA  1983d).  Signs  of  toxicity  included  incoor- 
dination and  frequent  falling  (Hudson  et  al.  1984). 
The  subacute  dietary  LC50  is  greater  than  5,000  ppm 
in  mallards  and  ring-necked  pheasants,  and  is  1,730 
ppm  in  bobwhite  quail  (EPA  1983d).  Diuron  is  toxic 
tochickensat  relatively  lowdoses  (Palmer and  Rade- 
leff 1969).  Chickens  experienced  decreased  weight 
gain  at  the  lowest  dose  tested  of  10  mg/kg  for  10 
days.  All  chickens  died  after  9  doses  of  250  mg/kg. 
Application  rates  of  greater  than  1  lb/acre  were  there- 
fore considered  hazardous  to  chickens. 


acceptable  by  deer  for  consumption  as  untreated 
food.  Likewise,  glyphosate-induced  weed  and  shrub 
control  did  not  adversely  affect  deer  use  of  treated 
habitat  areas  for  at  least  the  first  year  after  treatment. 

In  a  study  to  evaluate  the  direct  effects  of  glypho- 
sate  on  small  mammals,  no  adverse  effects  on  repro- 
duction, growth,  or  survival  were  observed  in  popu- 
lations of  deer  mice  during  the  year  following 
treatment  (Sullivan  1985). 

Glyphosate  is  slightly  toxic  to  birds  based  on  the 
acute  oral  LD50  of  greater  than  2,000  mg/kg  in  bob- 
white  quail  (EPA  1986e).  The  8-day  dietary  LC50  is 
more  than  4,000  ppm  for  mallard  ducks  and  bob- 
white  quail  (EPA  1986e).  Avian  reproduction  studies 
yielded  no  reproductive  effects  at  dietary  exposure 
levels  of  up  to  1,000  ppm  (EPA  1986e). 

Residue  and  metabolism  studies  have  indicated 
that  glyphosate  is  incompletely  absorbed  across  the 
gastrointestinal  membranes  and  that  in  the  verte- 
brates tested,  there  is  minimal  metabolism  or  reten- 
tion by  tissues  and  rapid  elimination  of  residues 
(Monsanto  1982). 

Glyphosate  and  Roundup  are  relatively  nontoxic 
to  insects  based  on  the  48-hour  acute  oral  and  top- 
ical exposure  toxicity  of  100  ug/bee  in  honey  bees 
(USDA  1984). 


Hexazinone 


Glyphosate 

Glyphosate  is  generally  recognized  to  be  of  low 
toxicity  in  the  environment  (USDA  1984).  Acute  oral 
LD50S  are  4,320  mg/kg  for  rats  and  3,800  mg/kg  for 
rabbits  (EPA  1984e,  USDA  1984).  Based  on  these 
values,  glyphosate  can  be  considered  slightly  toxic. 

Oral  LD50  values  for  the  Roundup™  and  Rodeo™ 
formulations  in  rats  are  5,400  mg/kg  and  greater 
than  5,000  mg/kg,  respectively  (Monsanto  1983, 
1985).  The  oral  LD50  of  Roundup  for  goats  is  4,860 
mg/kg  (Monsanto  1985).  Glyphosate,  Roundup,  and 
Rodeo  are  reported  to  be  practically  nonirritating  or 
slightly  irritating  to  rabbits'  eyes  and  skin  (Monsanto 
1983,  1985).  Based  on  a  26-month  feeding  study,  a 
NOEL  of  greater  than  31  mg/kg/day  was  established 
for  rats  (EPA  1986d).  In  a  1-year  oral  study  with 
dogs,  a  NOEL  of  500  mg/kg/day  (HDT)  was  deter- 
mined (EPA  1987b).  Glyphosate  has  caused  no 
reproductive  or  teratogenic  effects  in  rats  or  rabbits 
(EPA  1984e). 

Studies  conducted  on  black-tailed  deer  in  pens  in 
the  Pacific  Northwest  showed  no  gross  adverse 
health  effects  caused  by  the  use  of  glyphosate  for 
vegetation  management  (Sullivan  1985).  Glypho- 
sate-treated  browse  and  commercial  chow  were  as 


Based  on  toxicity  data  for  birds  and  mammals,  hex- 
azinone presents  a  low  hazard  to  wildlife  species 
(EPA  1982).  The  acute  oral  LD50  of  technical  hexaz- 
inone is  1,690  mg/kg  in  rats,  860  mg/kg  in  guinea 
pigs,  and  2,258  mg/kg  in  bobwhite  quail  (EPA  1984f, 
EPA  1982).  The  acute  oral  LD50  of  a  25-percent  hex- 
azinone solution  is  6,887  mg/kg  in  rats  (Du  Pont 
1984a).  The  8-day  dietary  LC50S  of  greater  than 
10,000  ppm  for  mallards  and  greater  than  5,000  ppm 
for  bobwhite  quail  indicate  that  technical  hexazi- 
none is  practically  nontoxic  to  birds  (EPA  1 982).  For- 
mulated and  unformulated  hexazinone  were  irritat- 
ing to  the  eyes  but  not  to  the  skin  of  rabbits  and 
guinea  pigs  (USDA  1984,  EPA  1982).  Hexazinone 
has  not  been  observed  to  cause  teratogenic  or  repro- 
ductive effects  in  rats  or  rabbits  (EPA  1984f,  USDA 
1984).  No  appreciable  bioaccumulation  of  hexazi- 
none occurs  in  animal  tissues  (USDA  1984).  Hexaz- 
inone is  readily  metabolized  and  is  rapidly  excreted 
in  the  urine  and  feces  of  animals  (USDA  1984). 

Hexazinone  is  relatively  nontoxic  to  insects  (Du 
Pont  1984a).  The  LD50  of  a  topical  application  of  a 
90-percent  soluble  powder  of  hexazinone  is  greater 
than  60  ug/bee  for  honey  bees  (Du  Pont  1984a).  A 
60/mg/bee  topical  application  rate  resulted  in  10  per- 
cent mortality  in  48  hours  (Schneider  1984  and  Du 
Pont  undated,  both  as  cited  in  USDA  1984). 
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Imazapyr 

Imazapyr  is  slightly  toxic  to  mammals  based  on 
acute  oral  LDsos  ranging  from  greater  than  2,000 
mg/kg  in  mice  to  greater  than  5,000  mg/kg  in  rats 
(Table  E6-8)  (EPA  1985e,  American  Cyanamid  Com- 
pany 1985).  Technical  imazapyr  and  the  Arsenal™ 
formulation  are  reported  to  be  irritating  to  the  eyes 
and  mildly  irritating  to  the  skin  of  rabbits  but  are 
reported  as  nonsensitizing  to  guinea  pigs  (EPA 
1985e,  American  Cyanamid  Company  1985).  Notera- 
togenic  effects  were  observed  in  rats  or  rabbits 
(American  Cyanamid  Company  1985).  Imazapyr 
does  not  appear  to  accumulate  in  animal  tissues 
(EPA  1985e). 

EPA  (1985b)  characterizes  imazapyr  as  practically 
nontoxic  to  avian  species.  Acute  oral  LDsos  of  tech- 
nical imazapyr  and  the  Arsenal  formulation  are 
greater  than  2,150  mg/kg  (HDT)  in  bobwhite  quail 
and  mallards  (Table  E6-8)  (American  Cyanamid 
Company  1985,  EPA  1985b).  Dietary  LCsosforformu- 
lated  and  unformulated  imazapyr  are  greater  than 
5,000  ppm  (HDT)  for  mallards  and  bobwhites  (Amer- 
ican Cyanamid  Company  1985).  No  adverse  effects 
were  observed  at  any  of  these  doses. 

Imazapyr  appears  to  be  relatively  nontoxic  to 
insects.  The  LDsos  of  technical  imazapyr  for  honey 
bees  is  greater  than  100  ug/bee  (HDT)  (American 
Cyanamid  Company  1985).  No  effects  were  ob- 
served at  this  dose. 


Table  E6-8 

Acute  Oral  Toxicity  of  imazapyr 
to  Mammals  and  Birds 


Species 


LD5o  (mg/kg) 


Rat 
Mouse 
Rabbit 

Bobwhite  Quail 
Mallard  Duck 


greater  than  5.0001 
greater  than  2,0001 
greater  than  4,8001 
greater  than  2,1 502 
greater  than  2,1 502 


1  American  Cyanamid  Company  1985. 
2EPA1985e. 


10,000  mg/kg  (Worthing  1983).  Toxicity  studies  on 
other  terrestrial  wildlife  species  were  not  found. 

Researchers  have  investigated  mefluidide's  effect 
on  forage  quality  and  on  the  quality  of  livestock  feed- 
ing on  treated  forage  (Wimer  et  al.  1986,  Robb  et  al. 
1982,  Glenn  et  al.  1987).  Effects  on  livestock 
reported  in  these  studies  were  secondary  effects 
related  to  mefluidide's  effect  on  forage  quality.  No 
direct  toxic  effects  from  mefiuidide  were  observed. 

Mefluidide  has  been  observed  to  affect  popula- 
tion, development,  or  food  choice  of  pest  insects, 
such  as  the  Mexican  bean  beetle  (Agnello  et  al. 
1986a),  bean  leaf  beetle,  corn  earworm  (Agnello  et 
al.  1986b),  and  azalea  lace  bug  (Coffelt  and  Schultz 
1988).  Population,  feeding,  or  rate  of  development 
of  these  insects  on  treated  plants  decreased  initially 
after  application  of  mefluidide  but  later  recovered  or 
increased.  These  effects  were  hypothesized  to  be 
related  to  mef  luidide-induced  changes  in  plant  nutri- 
tional quality  rather  than  any  direct  toxicity  to  the 
insects. 

In  a  28-day  feeding  study  on  12  lactating  dairy 
cows,  oral  mefluidide  treatments  of  0,  6,  18,  or  60 
ppm  of  the  cows'  diet  per  day  had  no  apparent  effect 
on  the  general  health,  appearance,  feed  consump- 
tion, milk  production,  or  quality  of  the  carcasses  at 
slaughter  (Clark  et  al.  1981).  With  one  exception, 
milk  samples  from  cows  fed  at  6-  and  8-ppm  dose 
levels  contained  mefluidide  residues  at  levels  less 
than  0.005  ppm.  At  the  60-ppm  dose  level,  milk  from 
test  cows  contained  residues  ranging  from  less  than 
0.005  to  0.015  ppm.  Residues  did  not  accumulate  in 
milk,  brain,  muscle,  liver,  adipose  tissue,  or  blood, 
and  urinary  elimination  probably  explains  the  meflui- 
dide residues  (equal  to  or  less  than  0.38  ppm)  found 
in  kidney  samples. 

Mefluidide  is  nontoxic  to  bees  (Agrochemicals 
Handbook  1989). 


Metsuifuron  Methyl 

Metsulfuron  methyl  is  of  low  toxicity  to  birds  and 
mammals  based  on  acute  oral  LD50S  of  greater  than 
5,000  mg/kg  in  rats  and  greater  than  2,510  mg/kg  in 
mallard  ducks  (Du  Pont  1984b).  The  8-day  dietary 
LC50  for  mallard  ducks  and  bobwhite  quail  is  greater 
than  5,620  mg/kg  (Du  Pont  1984b).  Toxicity  values 
for  other  terrestrial  wildlife  were  not  available. 


Mefluidide 

Mefluidide  is  of  low  toxicity  to  mammals  and  birds 
based  on  acute  oral  LD50S  of  1,920  mg/kg  in  mice, 
greater  than  4,000  in  rats,  and  greater  than  4,640 
mg/kg  in  mallards  (Worthing  1983,  WSSA  1983). 
Mallard  ducks  and  bobwhite  quail,  observed  on  the 
eighth  day,  had  a  5-day  dietary  LC50  of  greater  than 


Picloram 

Picloram  is  slightly  toxic  to  mammals  based  on 
acute  oral  LD50S  ranging  from  greater  than  540 
mg/kg  in  calves  to  4,012  mg/kg  in  rats  (Table  E6-9) 
(Jackson  1966,  EPA  1988).  Technical  picloram 
caused  mild  eye  and  skin  irritation  in  rabbits  (EPA 
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1984g).  Picioram  was  not  teratogenic  in  rats  at  the 
highest  dose  tested  of  1,000  mg/kg  (EPA  1984g).  In 
a  study  by  John-Greene  et  al.  (1985),  picioram  was 
not  teratogenic  in  rabbits  at  400  mg/kg  (HDT).  The 
Tordon  101™  formulation  caused  no  ill  effects  in 
sheep  at  single  doses  of  1,900  mg/kg,  but  it  caused 
death  at  levels  of  2,200  mg/kg  and  above  (Lynn 
1965).  Temporary  weight  loss  was  the  only  adverse 
effect  seen  in  calves  given  Tordon  101  in  single 
doses  of  1,900  to  3,163  mg/kg  (Lynn  1965).  No  toxic 
signs  or  adverse  effects  on  growth  were  observed  in 
sheep  given  18  mg/kg/day  of  technical  picioram  in 
the  diet  for  33  days  (Jackson  1966).  Stimulated 
growth  and  improved  feed  efficiency  were  observed 
in  swine  given  22  mg/kg  of  feed  for  an  unspecified 
time  (McCollisterand  Leng  1969).  Metabolic  and  res- 
idue studies  in  mammalian  species  indicate  that  pic- 
ioram is  rapidly  eliminated  unchanged  in  the  urine 
following  ingestion  (USDA  1984).  No  metabolites 
have  been  detected  (USDA  1984).  In  addition,  pic- 
ioram does  not  appear  to  accumulate  to  any  signif- 
icant extent  in  animal  tissues  (USDA  1984). 

Picioram  is  slightly  toxic  to  birds;  based  on  LDsos 
that  range  from  greater  than  2,000  mg/kg  in  mallards 
and  pheasants  to  approximately  6,000  mg/kg  in 
chickens  (Table  E6-9)  (Lynn  1965,  Hudson  et  al. 
1984).  Regurgitation  occurred  shortly  after  mallards 
were  treated,  and  pheasants  exhibited  tremors  and 
mild  decline  of  muscle  coordination  after  treatment 
(Hudson  etal.  1984).  Subacute  dietary  LCsos  for  bob- 
white  and  Japanese  quail,  ring-necked  pheasants, 
and  mallard  ducks  were  all  greater  than  5,000  ppm 
(NLM  1987a).  The  8-day  dietary  LCso  of  the  Tordon 

Table  E6-9 

Acute  Oral  Toxicity  of  Picioram 
to  Mammals  and  Birds 


Species 

LDso  (mg/kg) 

Rat 

4,0121 

Mouse 

2,000-4,0002 

Rabbit 

at  2,0002 

Guinea  Pig 

at  3,0003 

Sheep 

greater  than  7204 

Cattle 

greater  than  7505 

Calf 

greater  than  5404 

Chicken 

at  6,0003 

Mallard  Duck 

greater  than  2.0002 

Pheasant 

greater  than  2.0003 

1  EPA  1988. 

2  Lynn  1965. 

3  Hudson  etal.  1984. 
"Jackson  1966. 

s  USDA  1984. 


101  formulation  is  greater  than  10,000  ppm  for  bob- 
white  quail  and  mallard  ducks  (EPA  1984h). 

Japanese  quail  given  100  ppm  in  a  2-week  dietary 
study  showed  no  effects  on  feathering,  reproduc- 
tion, mortality,  and  weight  (Kenaga  1969).  In  a  sim- 
ilar test  at  1,000  ppm,  egg  fertility  and  hatchability 
were  reduced  the  first  week  but  not  the  second  (Ken- 
aga 1969).  A  three-generation  study  with  Japanese 
quail  showed  no  effects  on  food  consumption,  repro- 
duction, survival,  and  body  weight  when  given  100, 
500,  or  1,000  ppm  in  the  diet  (Kenaga  1969).  In  a 
1-year  study  in  which  Japanese  quail  were  given  100 
ppm  to  10,000  ppm  in  their  diet,  no  effects  on  repro- 
duction, feeding,  or  body  weights  were  observed. 
Mortality  rates  of  treated  quail  were  lower  than  those 
of  controls  (Kenaga  1969). 

The  LCso  of  mallard  eggs  immersed  in  an  aqueous 
emulsion  of  picioram  was  equivalent  to  a  field  appli- 
cation rate  of  112  kg/ha  (100  lb/acre),  which  is  more 
than  10  times  the  recommended  field  application 
level  (Hoffman  and  Albers  1984).  Spray  treatment  of 
fertile  chicken  eggs  or  ring-necked  pheasant  eggs 
with  a  dose  equivalent  to  2.8  kg/ha  (2.5  lb/acre)  of 
Tordon  101  did  not  affect  embryonic  development 
or  subsequent  growth  of  hatched  chicks  (EPA 
1984h). 

Picioram  is  relatively  nontoxic  to  insects  based  on 
an  acute  contact  LD50  of  greater  than  14  ug/bee  in 
honey  bees  (Kenaga  1979).  Honey  bees  given  1,000 
ppm  picioram  in  a  60-percent  sucrose  syrup  showed 
no  toxic  effects  after  14  days  and  no  increase  in  mor- 
tality compared  to  the  control  group  after  60  days 
(USDA  1984). 

Simazine 

Simazine  is  slightly  toxic  to  birds  and  mammals 
based  on  acute  oral  LD50S  ranging  from  2,010  mg/kg 
in  gray-tailed  voles  to  greater  than  5,000  mg/kg  in 
rats,  mice,  and  rabbits  (Table  E6-10)  (EPA  1983e, 
USDA  1984).  Simazine  is  slightly  irritating  to  the 
eyes  but  not  to  the  skin  of  rabbits  (USDA  1984).  No 
teratogenic  or  reproductive  effects  have  been  ob- 
served in  rats  (EPA  1986f).  Subchronic  oral  toxicity 
studies  in  cattle  showed  weight  loss  and  toxic  symp- 
toms such  as  depression,  muscular  spasms,  incoor- 
dination, and  weakness  when  given  doses  ranging 
from  20  mg/kg/day  for  6  days  to  50  mg/kg/day  for 
10  days  (Palmer  and  Radeleff  1969).  Cattle  given  7 
doses  of  100  mg/kg/day  became  moribund;  how- 
ever, cattle  given  3  doses  of  250  g/kg/day  showed 
weight  loss  but  no  other  toxic  signs.  Sheep  showed 
signs  of  intoxication  and  weight  loss  when  given  one 
dose  of  250  mg/kg  and  10  doses  of  50  mg/kg/day 
(Palmer  and  Radeleff  1969).  Sheep  died  when  given 
10  doses  of  100,  250,  or  400  mg/kg/day.  Simazine 
did  not  bioaccumulate  and  was  rapidly  excreted  in 
the  urine  and  feces  in  rat  metabolism  studies  (EPA 
1986f). 
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Table  E6-10 

Acute  Oral  Toxicity  of  Simazine 
in  Birds  and  Mammals 


Species 

LD50  (mg/kg) 

Rat 

greater  than  5,000 

Mouse 

greater  than  5,000 

Rabbit 

greater  than  5,000 

Prairie  Vole 

3,920  (males) 
3,980  (females) 

Gray-Tailed  Vole 

2,010  (males) 
2,690  (females) 

Mallard  Duck 

greater  than  4,640 

Source:  USDA  1984;  EPA  1983e. 


The  acute  oral  LD50  for  Mallard  ducks  is  greater 
than  4,640  (EPA  1983e).  Dietary  LC50S  of  greater 
than  5,000  ppm  in  bobwhite  quail,  ring-necked 
pheasants,  and  mallards  and  greater  than  3,720  ppm 
in  Japanese  quail  indicate  low  toxicity  to  birds  (EPA 
1983e).  An  11-week  dietary  study  reported  an  LC50 
of  greater  than  2,000  ppm  for  bobwhite  quail.  LC50S 
of  1 1 ,000  ppm  and  greater  than  32,000  ppm  were 
reported  for  the  80-percent  WP  formulation  in  bob- 
white  quail  and  mallards,  respectively.  In  a  one- 
generation  reproduction  study  with  mallards,  no 
reproductive  impairment  occurred  at  20  ppm,  the 
highest  dose  tested  (EPA  1983e).  Chicken  eggs 
injected  with  simazine  in  an  acetone  solution  exhi- 
bited decreased  hatchability  at  300  ppm,  but  not  at 
200  ppm  or  less  (Dunachie  and  Fletcher  1970,  as 
cited  in  USDA  1 984).  Based  on  the  available  informa- 
tion, EPA  (1 983e)  concluded  that  simazine  was  prac- 
tically nontoxic  and  will  not  affect  reproduction  in 
birds. 


Sulfometuron  Methyl 

Sulfometuron  methyl  is  very  slightly  toxic  to  birds 
and  mammals  based  on  acute  oral  LD50S  of  greater 
than  5,000  mg/kg  in  rats  and  mallard  ducks  (EPA 
1984i,  Du  Pont  1983).  It  is  slightly  irritating  to  rabbit 
eyes  and  skin  but  is  nonsensitizing  to  guinea  pigs 
(EPA  1984i).  No  teratogenic  effects  have  been 
observed  in  rats  and  rabbits  exposed  to  sulfome- 
turon methyl  (EPA  1984i);  however,  lower  maternal 
body  weights  and  decreased  numbers  of  offspring 
were  observed  at  250  mg/kg/day  in  a  reproduction 
study  in  rats  (Du  Pont  1986).  The  8-day  dietary  LC50S 
are  greater  than  5,620  ppm  in  bobwhite  quail  and 
greater  than  5,000  ppm  in  mallards  (Du  Pont  1983). 


The  LD50  was  greater  than  12.5  ug/bee  when  sul- 
fometuron methyl  was  applied  directly  to  bees  (F. 
O'Neal,  pers.  comm.  1987).  No  other  studies  have 
been  reported  on  the  toxicity  of  sulfometuron 
methyl  to  wildlife  or  insect  species. 


Tebuthiuron 

Tebuthiuron  is  moderately  toslightly  toxic  to  mam- 
mals and  birds  based  on  acute  oral  LD50S  ranging 
from  286  mg/kg  in  rabbits  to  greater  than  2,000 
mg/kg  in  mallards  and  bobwhites  (Table  E6-11) 
(EPA  1986g,  USDA  1986).  Tebuthiuron  is  slightly  irri- 
tating to  the  eyes  but  not  to  the  skin  of  rabbits  (EPA 
1986g).  It  caused  decreased  body  weight  in  weaning 
pups  in  a  three-generation  rat  reproduction  study  at 
doses  of  approximately  20  mg/kg  (LDT)  (EPA 
1986g).  In  other  studies,  however,  no  teratogenic 
effects  were  observed  in  rats  at  doses  of  approxi- 
mately 90  mg/kg  (HDT)  or  in  rabbits  at  25  mg/kg 
(HDT)  (EPA1986g).  In  subchronic  oral  toxicity  stud- 
ies, dogs  experienced  increased  thyroid  and  spleen 
weight  at  25  mg/kg  (EPA  1986g).  Decreased  body 
weight  was  observed  in  cattle  at  100  ppm  in  a 
162-day  study  (EPA  1986g).  Tebuthiuron  was  read- 
ily metabolized  and  eliminated  in  the  urine  of  tested 
animals  (USDA  1986). 

Table  E6-11 

Acute  Oral  Toxicity  of  Tebuthiuron 
to  Mammals  and  Birds 


Species 

LD50  (mg/kg) 

Rat 

6441 

Mouse 

5282 

Rabbit 

2862 

Dog 

greater  than  5002 

Cat 

greater  than  2002 

Bobwhite  Quail 

greater  than  2,0002 

Mallard  Duck 

greater  than  2,0002 

Chicken 

greater  than  5002 

1  EPA  1986g. 
z  USDA  1986. 


In  subacute  oral  toxicity  studies,  doses  of  up  to 
1 ,500  ppm  resulted  in  no  deaths  in  mallards  and  bob- 
whites  (Meyerhoff  1981,  as  cited  in  USDA  1986).  In 
a  30-day  oral  study,  chickens  exhibited  depressed 
growth  at  2,500  ppm  (EPA  1986g).  In  18-,  24-,  and 
27-week  studies,  no  effects  on  growth,  reproduc- 
tion, or  behavior  were  observed  in  bobwhite  quail  or 
mallard  ducks  when  fed  up  to  100  ppm  in  the  diet 
(Elanco  Products  Company  1983,  undated,  as  cited 
in  USDA  1986). 
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Honey  bees  sprayed  with  30,000  ppm  tebuthiuron, 
which  is  equivalent  to  5.56  kg/ha  (5  lb/acre),  did  not 
differ  in  survival  from  bees  sprayed  with  water.  Bees 
sprayed  with  120,000  ppm,  equivalent  to  22.4  kg/ha 
(20  lb/acre),  had  significantly  higher  mortality  than 
controls  (USDA 1986).  Based  on  these  results,  tebu- 
thiuron appears  to  be  of  relatively  low  toxicity  to  ter- 
restrial invertebrates. 


Triclopyr 

Triclopyr  is  moderately  toxic  to  mammals  based 
on  LD50  values  that  range  from  310  mg/kg  in  guinea 
pigs  to  729  mg/kg  in  male  rats  (EPA  1985c)  (Table 
E6-12).  Technical  triclopyr  is  slightly  irritating  to  the 
eyes  and  skin  of  rabbits  (EPA  1985c).  The  Garlon 
3A™  and  Garlon  4™  formulations  are  slightly  toxic, 
with  oral  LD50S  of  2,830  and  2,140  mg/kg  in  rats 
(males  and  females,  respectively)  (Dow  Chemical 
Company  undated).  Garlon  3A  may  cause  slight  to 
moderate  skin  irritation  and  is  moderately  to 
severely  irritating  to  eyes,  and  Garlon  4  may  cause 
slight  skin  irritation  but  no  eye  irritation  (Dow  Chem- 
ical Company  undated).  Ponies  exposed  to  four 


daily  doses  of  60  mg/kg  of  triclopyr  exhibited  no 
adverse  effects;  however,  exposure  to  four  daily 
doses  of  300  mg/kg  caused  depression,  recum- 
bency, decreased  gastrointestinal  activity,  and  respi- 
ratory and  muscular  distress  (Osweiler  1983). 

No  teratogenic  effects  have  been  observed  in  rats 
(EPA  1985b),  but  a  rabbit  study  reported  fetotoxic 
effects  at  the  lowest  dose  of  10  mg/kg/day  (EPA 
1986h).  Triclopyr  is  rapidly  excreted,  primarily  as  the 
parent  compound,  through  the  kidneys  in  animals 
(USDA  1984).  Small  quantities  of  two  other  com- 
pounds (the  metabolite  trichloropyridinol  and  a  con- 
jugated form  of  the  parent,  triclopyr  acid)  are  also 
excreted  (USDA  1984). Triclopyrdoes not  bioaccum- 
ulate  in  animal  tissues  in  any  significant  amount 
(Dow  Chemical  Company  1987). 

Based  on  acute  oral  and  dietary  studies,  triclopyr, 
Garlon  3A™,  and  Garlon  4™  are  slightly  toxic  to  birds 
(Table  E6-12).  The  acute  oral  LD50  of  technical  tric- 
lopyr is  1,698  mg/kg  for  mallard  ducks,  and  the  die- 
tary LC50  ranges  from  2,935  to  greater  than  5,000 
ppm  (Dow  Chemical  Company  undated,  Kenaga 
1979).  The  dietary  LC50S  of  Garlon  3A  and  Garlon 
4  are  all  greater  than  9,000  ppm  (Dow  Chemical 


Table  E6-12 
Acute  Toxicity  of  Triclopyr  to  Mammals  and  Birds 


Species 

Formulation 

Test 

Results 

Rat 

Technical 

Oral  LD5o 

729  mg/kg  (male)1 
630  mg/kg  (female)1 

Mouse 

Technical 

Oral  LD50 

471  mg/kg* 

Rabbit 

Technical 

Oral  LD50 

550  mg/kg2 

Guinea  Pig 

Technical 

Oral  LD50 

310  mg/kg2 

Rat 

Garlon  3A 
Garlon  4 

Oral  LD50 
Oral  LD50 

2,830  mg/kg  (male)1 
2,140  mg/kg  (female)1 
2,460  mg/kg  (male)1 
2,140  mg/kg  (female)1 

Mallard  Duck 

Technical 

Garlon  3A 
Garlon  4 

Oral  LD50 
Dietary  LC50 
Dietary  LC50 
Oral  LD50 
Dietary  LC50 

1 ,698  mg/kga 
greater  than  5,640  ppm4 

10,000  ppm1 
greater  than  4,640  mg/kg 

10,000  ppm1 

Japanese  Quail 

Technical 

Dietary  LC50 

3,278  ppm 

Bobwhite  Quail 

Technical 
Garlon  3A 
Garlon  4 

Dietary  LC50 
Dietary  LC50 
Dietary  LC50 

2,935  ppm3 

11,622  ppm1 

9,026  ppm1 

1  Dow  Chemical  Company  undated. 

2  EPA  1985b. 

3  Kenaga  1979. 

4  Dow  Chemical  Company  1987. 
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Company  undated).  A  one-generation  reproduction 
study  showed  no  reproductive  effects,  symptoms  of 
toxicity,  or  abnormal  behavior  when  mallards  were 
given  up  to  500  ppm  in  their  diet  for  a  20-week 
period,  including  10  weeks  before  egg  laying  and  10 
weeks  during  egg  laying  (Dow  Chemical  Company 
1987).  A  similar  study  reported  no  reproductive  or 
toxic  effects  in  bobwhite  quail  exposed  to  dietary  lev- 
els of  up  to  800  ppm  for  a  20-week  period,  including 
1 1  weeks  before  egg  laying  and  8  weeks  during  egg 
laying  (Dow  Chemical  Company  1987). 

The  acute  contact  LD50  of  triclopyr  in  honey  bees 
is  greater  than  60  ug/bee,  indicating  that  it  is  rela- 
tively nontoxic  to  insects  (Kenaga  1969).  The  con- 
tact LD50  for  honey  bees  is  greater  than  100  ug/bee 
based  on  a  1985  study  (Dow  Chemical  Company 
1987). 


Light  Fuel  OH 

Kerosene  and  diesel  oil  are  very  slightly  toxic  to 
mammals  based  on  the  acute  oral  LD50S  of  greater 
than  28,000  mg/kg  and  7,380  mg/kg,  respectively,  in 
rats  (NLM  1987b,  Beck  et  al.  1982).  Toxic  effects 
include  loss  of  muscle  coordination,  nausea,  lan- 
guor, drowsiness,  rapid  heart  beat,  and  shallow  res- 
piration (ITI1 1976).  Diesel  oil  is  extremely  irritating 
to  the  skin  of  rabbits  but  nonirritating  to  the  eyes 
(Beck  et  al.  1 982).  Kerosene  is  mildly  irritating  to  the 
skin  and  eyes  of  rabbits  and  nonsensitizing  in  guinea 
pigs  (Beck  et  al.  1982).  Dermal  exposure  to  6,560 
mg/kg  of  diesel  oil  for  3  weeks  caused  a  67-percent 
mortality  rate  in  rabbits  (AP1 1982).  Dermal  exposure 
to  kerosene  for  28  days  caused  skin  and  liver  lesions 
in  rabbits  at  the  highest  dose  tested  of  2,000  mg/kg 
but  not  at  the  next  highest  dose  of  1 ,000  mg/kg  (API 
1983a).  Other  adverse  effects  to  the  skin  of  the 
treated  animals  were  observed  at  all  three  doses 
tested  (200, 1 ,000,  and  2,000  mg/kg),  including  crack- 
ing, scab  formation,  necrosis,  and  ulcerations  (API 
1983a).  No  teratogenic  effects  were  observed  in  rats 
when  exposed  to  kerosene  and  diesel  vapors  during 
gestation  (Mecler  and  Beliles  1979,  Beliles  and 
Mecler  1982). 

Diesel  oil  is  very  slightly  toxic  to  birds  when 
ingested,  based  on  the  acute  oral  LD50  of  greater 
than  16,400  mg/kg  (greater  than  20  ml/kg)  in  mal- 
lards (Hudson  etal.  1984).  The  toxic  effects  included 
weakness,  diarrhea,  and  regurgitation.  However,  die- 
sel oil  appears  to  cause  adverse  reproductive  effects 
in  birds.  Traces  of  oil  in  a  mallard's  diet  sharply 
reduce  egg  production  (Biderman  and  Dury  1980, 
as  cited  in  DOE  1983).  Application  of  only  1  microl- 
iter (ul)  of  No.  2  fuel  oil  on  mallard  eggs  significantly 
reduced  survival  and  hatchability  (Szaroetal.  1978). 
In  the  same  study,  application  of  5  ul  reduced  hatch- 
ing success  to  18  percent,  and  20  ul  killed  all 
embryos.  Similar  toxicity  was  noted  in  pheasant 
eggs  sprayed  with  diesel  oil  to  runoff,  which  failed 


to  hatch  (Kopischke  1972).  Death  appears  to  be 
related  to  the  aromatic  portion  of  the  oil  rather  than 
the  aliphatic  portion  (Szaro  et  al.  1978,  Hoffman  and 
Albers  1984).  In  addition,  oil  carriers  increase  the  tox- 
icity of  pesticides  to  eggs,  apparently  by  increasing 
penetration  through  the  shell  and  membrane  (Hoff- 
man and  Albers  1984). 

No  acute  oral  LD50  of  kerosene  to  mallards  was 
found,  however,  the  LD50  level  is  not  expected  to  be 
below  the  16,400-mg/kg  level  found  for  diesel  oil  in 
mallards.  Kerosene  was  not  lethal  when  applied  to 
mallard  eggs  at  doses  of  1  to  50  ul/egg  (Hoffman  and 
Albers  1984).  The  low  toxicity  observed  in  this  study 
was  believed  to  be  related  to  the  lower  aromatic 
hydrocarbon  content  of  kerosene  (Hoffman  and 
Albers  1984). 

Diesel  oil  is  highly  toxic  to  insects  based  on  high 
mortality  of  honey  bees  during  the  first  24  hours 
after  spray  treatment  (Moffet  et  al.  1972).  No  infor- 
mation was  available  on  the  toxicity  of  kerosene  to 
honey  bees.  Kerosene  and  diesel  oil,  when  used 
as  solvents  or  adjuvants,  also  have  been  observed 
to  increase  the  toxicity  of  insecticides  (Lagier  et  al. 
1974,  Tsuda  and  Okuno  1985). 


AQUATIC  SPECIES  HAZARD 
ANALYSIS 

The  toxicity  to  aquatic  species  of  the  herbicides 
and  additives  proposed  for  BLM  use  for  vegetation 
management  is  summarized  in  this  section.  Infor- 
mation is  presented  on  the  acute  and  chronic  toxic- 
ities of  the  herbicides  to  fish,  aquatic  invertebrates, 
and  amphibians. 

The  relative  acute  toxicities  of  the  herbicides  are 
classified  according  to  a  scheme  by  EPA  (1985c) 
where  LC50  values  are  described  as  follows:  less  than 
0.1  ppm  (1  ppm  =  1  mg/l),  very  highly  toxic;  0.1  ppm 
to  1  ppm,  highly  toxic;  greater  than  1  ppm  to  equal 
to  or  less  than  10  ppm,  moderately  toxic;  greater 
than  10  ppm  to  equal  to  or  less  than  100  ppm,  slightly 
toxic;  and  greater  than  100  ppm,  practically  non- 
toxic. 

The  information  presented  in  this  section  is  used 
in  the  Aquatic  Risk  Analysis  section  (in  Section  E8) 
as  a  basis  for  selecting  toxicity  values  for  organisms 
representative  of  the  aquatic  environments  in  the  13 
Western  States.  In  some  cases,  a  number  of  toxicity 
tests  have  been  conducted  under  various  water  qual- 
ity conditions  with  a  particular  herbicide  and  a  given 
species  that  have  resulted  in  a  range  of  LC50  values 
(for  example,  technical  grade  picloram  and  rainbow 
trout  in  Mayer  and  Ellersieck  1986).  In  these  cases, 
the  lowest  reported  value  from  the  range  has  been 
included  in  the  table  in  the  hazard  analysis. 
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The  terms  listed  below  pertain  to  aquatic  toxicol- 
ogy and  are  used  frequently  in  this  section: 

LCso— the  concentration  of  a  toxicant  in  water  that 
is  lethal  to  50  percent  of  a  population  of  test  organ- 
isms within  a  specific  period  of  time  (usually 
reported  for  96  hours). 

EC50— the  concentration  of  a  toxicant  in  water  that 
has  a  specific  effect  on  50  percent  of  the  test  organ- 
isms. It  is  often  used  with  animals  where  determining 
death  is  difficult,  such  as  with  Daphnia  sp.  In  this 
case,  immobilization  of  an  animal  is  the  measured 
endpoint. 

MATC— maximum  acceptable  toxicant  concentra- 
tion, which  is  the  hypothetical  toxic  threshold  con- 
centration of  a  toxicant  in  water  bounded  by  the  high- 
est tested  concentration  that  has  no  significant 
adverse  effect  and  the  lowest  concentration  having 
a  significant  effect. 

Static  test— toxicity  tests  (generally  only  acute  tests) 
in  which  the  solution  in  the  test  chamber  is  still  (not 
flowing);  the  solution  may  be  renewed  during  the 
course  of  the  test. 

Flow-through  test— toxicity  test  (acute,  subchronic, 
or  chronic)  in  which  the  solution  in  the  test  chamber 
is  flowing  continuously  or  intermittently.  Flow- 
through  tests  generally  result  in  somewhat  lower 
LCsos  than  static  tests  conducted  under  the  same 
conditions. 


Amitrole 

The  toxicity  of  amitrole  to  aquatic  organisms  is 
summarized  in  Table  E6-13.  Amitrole  is  only  slightly 
toxic  to  fish  and  crayfish,  with  LCsos  generally 
greaterthan  100  ppm.  Microcrustaceans.suchascla- 
docerans  (water  fleas)  and  copepods,  are  much 
more  sensitive;  the  lowest  reported  96-hour  LC50  is 
1.43  ppm  for  Daphnia  magna. 

A  formulation  of  50  percent  amitrole  (Weedazol  TL 
Plus™)  was  of  low  toxicity  to  frog  tadpoles;  the 
96-hour  LC50  was  3,000  ppm  (Johnson  1 976,  as  cited 
in  USDA  1984). 


Atrazine 

Atrazine  is  moderately  to  highly  toxic  to  fish  and 
aquatic  invertebrates  (Table  E6-14).  Early  life-stage 
studies  with  fish  and  amphibians  have  indicated  that 
atrazine  is  highly  acutely  toxic  and  teratogenic.  Atra- 
zine also  affects  reproduction  in  a  number  of  inver- 
tebrates at  concentrations  of  1  ppm  or  less. 


A  formulation  of  50  percent  amitrole  (Weedazol  TL 
Plus™)  was  of  low  toxicity  to  frog  tadpoles;  the 
96-hour  LC50  was  3,000  ppm  (Johnson  1976,  as  cited 
in  USDA  1984). 


Bromaci! 

Bromacil  is  slightly  toxic  to  aquatic  organisms.  All 
of  the  LC50  values  in  Table  E6-15  are  40  ppm  or 
greater.  The  most  sensitive  organisms  tested  were 
water  fleas  and  crayfish.  The  48-hour  LC50  for  tad- 
poles is  230  ppm. 


Chlorsulfuron 

Chlorsulfuron  is  practically  nontoxic  to  fish  based 
on  96-hour  LCsos  of  greater  than  250  mg/L  for  blue- 
gill  and  rainbow  trout  (Du  Pont  1982)  (Table  E6-16). 
Toxicity  values  for  amphibians  and  aquatic  inverte- 
brates were  not  available. 


Clopyralid 

Clopyralid  appears  to  have  a  low  order  of  toxicity 
to  fish  and  aquatic  invertebrates.  Clopyralid  is  prac- 
tically nontoxic  to  trout  and  bluegill  with  96-hour 
LCsos  of  103.5  mg/L  and  125.4  mg/L,  respectively 
(WSSA  1983)  (Table  E6-16).  Daphnia  showed  no 
mortality  in  a  1-mg/L  solution  of  clopyralid  (WSSA 
1 983).  Toxicity  values  for  amphibians  were  not  avail- 
able. 


2,4-D 

The  aquatic  toxicity  of  the  butoxyethanol  ester  of 
2,4-D  ranges  from  moderately  to  highly  toxic  (Table 
E6-17).  Acute  LC50  values  range  from  about  0.5  ppm 
to  10  ppm  for  most  species.  Amphipods  and  snails 
are  among  the  most  sensitive  groups.  Esters  are  typ- 
ically 1 00  times  more  toxic  than  their  corresponding 
acids  and  most  amine  formulations,  but  in  most 
cases  they  rapidly  hydrolyze  to  corresponding  acids 
(Ghassemi  et  al.  1981).  Bioaccumulation  of  2,4-D  is 
low,  and  it  generally  is  rapidly  excreted  in  the  urine 
unchanged  or  as  a  conjugate  (USDA  1984).  2,4-D 
amine  is  practically  nontoxic  to  amphibians  (John- 
son 1976). 

A  48-hour  LC50  of  1 .1  ppm  (isooctylester)  has  been 
reported  for  adult  bluegill  (Pimentel  1971).  This 
value  compares  closely  with  the  96-hour  LC50  of  1.2 
ppm  for  the  butoxyethanol  ester  of  2,4-D  for  the 
same  fish  species  (Table  E6-17).  Because  of  the 
close  chemical  similarities  of  the  two  herbicides,  it 
is  expected  but  not  proven  that  their  aquatic  toxic- 
ities would  be  similar. 
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Table  E6-13 
Toxicity  of  Amitrole  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Salmon 

3,250 

48-hr  LC50 

Bohmont  19671 

Bluegill 

1,200 

24-hr  LC50 

Lorzetal.  19792 

Fathead  minnow 

greater  than  100 

96-hr  LC50 

Mayer  and 
Ellersieck  1986 

Channel  catfish 

greater  than  160 

96-hr  LC50 

Mayer  and 
Ellersieck  1986 

Mosquito  fish 

2,100 
(Amitrol-Ttm) 

96-hr  LC50 

Johnson  19782 

Emerald  shiner 

455 

(Cytrol 

Amitrol-Ttm) 

24-hr  LC50 

USDA1984 

Crayfish 
Orconectes 

greater  than  100 
(Amitrol-Ttm) 

48-hr  LC50 

Sanders  19702 

Brine  shrimp 

5 

Reduced  zygote 
production  at 
31-41  days. 

Grosch  19802 

Water  flea 
Daphnia  magna 

1.43 
23 

96-hr  LC50 
26-hr  EC50 
(based  on 
immobilization) 

USDA1984 

Copepod 
Cyclops  vernalis 

22.1 
(18.5-27.7) 

96-hr  LC50 

USDA  1984 

-nauplii  larvae 

Aquatic  sowbug 

greater  than  100 

96-hr  LC50 

Johnson  and  Finley 
1980 

Asellus  sp. 

(Cytrol 
Amitrol-Ttm) 

Tadpole 
Adelotus 
brevis 

3,000 
(Weedazol 
TLtm  plus) 

96-hr  LC50 

Johnson  19762 

1  As  cited  in  Pimentel  1971. 

2  As  cited  in  USDA  1984. 

Note:  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM 
has  determined  that  amitrole  is  no  longer  considered  for  proposed  use  in  this  document.  Amitrole 
will  be  deleted  in  the  Record  of  Decision. 
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Table  E6-14 
Toxicity  of  Atrazine  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Rainbow  trout 

24 

(18-32) 
(atrazine  4  L) 

96-hr  LC5o 
(95%  C.L.) 

Mayer  and  Ellersieck  1986 

4.5  (3.5-5.7) 
(technical) 

96-hr  LC50 

Bathe  etal.  19761 

-  fry 

0.87 
(0.63-1.15) 

96-hr  LC50 
Teratogenic  effects 
in  3,  6,  and  62%  at 
0.05,  0.54,  and  5.02 
ppm,  respectively. 
Exposure  from  spawning 
to  96  hours  post 
hatching. 

Birgeetal.  19791 
and  1983 

Brook  trout 

6.3(4.1-9.7) 

96-hr  LC50 

Maceketal.  19761 

-fry 

0.24 

Reduced  survival 
and  growth. 

Maceketal.  19761 

-  adults 

0.72 

No  effect  on 
survival,  egg 
production,  or 
egg  hatching. 

Maceketal.  19761 

Bluegill 

42  (36-39) 
(atrazine  4  L) 

96-hr  LC50 
(95%  C.L.) 

Mayer  and 
Ellersieck  1986 

0.5 

Fish  became 
lethargic,  fed 
poorly,  and  had 
partial  loss  of 
equilibrium  after 
28  days. 

Maceketal.  19761 

6  (approx.) 
(wettable  power) 

96-hr  LC50 

USDA1984 

-  eggs  &  fry 

0.095 

No  effects  on 
hatching,  survival, 
or  growth  after  18 
months. 

Maceketal.  19761 

Fathead  minnow 

15(11-20) 

96-hr  LC50 

Maceketal.  19761 

-fry 

0.52 

25%  mortality 
at  96  hours. 

0.213 

No  effect  on 
survival,  growth, 
or  spawning  after 
43  weeks. 

Catfish 

7.6 
(atrazine) 

96-hr  LC50 

USDA1984 

35 

(80%  wettable 

powder) 

96-hr  LC50 

USDA1984 
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Table  E6-14  (Continued) 
Toxicity  of  Atrazine  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Catfish  (Continued)  0.22 

(0.15-0.32) 

96-hr  LC50 
Teratogenic 
effects  in  4, 13, 
69,  and  100%  at 
0.06,  0.43,  4.83, 
and  46.7  ppm 
respectively. 
Exposure  from 
spawning  to  96  hours 
post  hatching. 

Birgeetal.  1979 
and  19831 

Brown  shrimp 

1.0 

30%  mortality 
or  immobility 
at  48  hours. 

Butler  19651 

Water  flea 

3.6 

48-hr  LC50 

USDA1984 

Daphnia  magna 

1.15 

Decreased 
fecundity, 
no  effect  on 
survival. 

Maceketal.  19761 

D.  pulex 

1.0 

Decreased  fecundity. 
Decreased  survival 
at  20  ppm,  not  at  10. 
Synergistic  effects 
with  ethanol. 

Schober  and 

Lamped  1976  and  19771 

Scud 

Gammarus 
fasciatus 

5.7 
(3.6-8.0) 

48-hr  LC50 

Maceketal.  19761 

0.14 

Reproductive 
effects  and 
reduced  survival 
of  offspring  at 
exposures  of  30 
days  to  1 7  weeks. 

Clam  and  snail 

0.5 

87.5%  mortality 
in  clams;  snails 
increased  by 
approximately  400%. 

USDA  1984 

Midge 

Chironomus 
tentans 

0.72 
(0.36- 

1.44) 

48-hr  LC50 

Maceketal.  19761 

-  larvae 

0.11 

No  adverse  effect 
after  2  generations; 
reduced  hatching 
success,  increased 
larval  mortality, 
and  retarded 
development  at 
0.23  ppm. 
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Table  E6-14  (Continued) 
Toxicity  of  Atrazine  to  Aquatic  Organisms 


Concentration 

Species 

(ppm) 

Effect 

Source 

Bullfrog 

0.41 

LC50  from 
spawning  to  96 

Birgeetal.  1980 
and  19831 

-  tadpoles 

hours  post  hatching; 
Teratogenic  effects 
of  3,  7,  22,  47, 
and  100%  at  0.4, 
6.33, 14.8,  26.4, 
and  45.8  ppm, 
respectively. 

Leopard  frog 

0.31 

Significant  decrease 
in  growth  from  27-45 

Hineetal.  19811 

-  tadpoles 

days.  Significant 
increase  in  mortality 
at  0.31  to  12  ppm 
from  27  to  54  days 
of  exposure. 

1  As  cited  in  USDA  1984. 


Table  E6-15 
Toxicity  of  Bromacii  to  Aquatic  Organisms 


Concentration 

Species 

(ppm) 

Effect 

Source 

Rainbow  trout 

75 

48-hr  LC50 

Sherman  and  Kaplan  1975 

Bluegill 

71 

48-hr  LC50 

Sherman  and  Kaplan  1975 

Carp 

164 

48-hr  LC50 

Sherman  and  Kaplan  1975 

Crayfish 

40 

72-hr  LC50 

EPA  1975 

Water  flea 

40 

3-hr  LC50 

EPA  1975 

Tadpole 

230 

48-hr  LC50 

EPA  1975 
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Table  E6-16 

Toxicity  of  Chlorsulfuron,  Clopyralid,  Mefluidide, 
and  Metsulfuron  Methyl  to  Aquatic  Organisms 


Chemical 

Species 

Test 

Result 

Source 

Chlorsulfuron 

Rainbow  trout 
Bluegill 

96-hr  LC50 
96-hr  LC50 

greater  than  250  mg/l 
greater  than  250  mg/l 

Du  Pont  1982 
Du  Pont  1982 

Clopyralid 

Trout 
Bluegill 
Daphnia  magna 

96-hr  LC50 
96-hr  LC50 
1  ppm 
solution 

103.5  mg/l 

125.4  mg/l 

no  mortality 

WSSA  1983 
WSSA  1983 
WSSA  1983 

Mefluidide 

Rainbow  trout 
Bluegill 

96-hr  LCso 
96-hr  LC50 

greater  than  100  mg/l 
greater  than  100  mg/l 

Worthing  1983 
Worthing  1983 

Metsulfuron 
Methyl 

Rainbow  trout 
Bluegill 
Daphnia  magna 

96-hr  LC50 
96-hr  LC50 
48-hr  LC50 

greater  than  150  mg/l 
greater  than  150  mg/l 
greater  than  150  mg/l 

Du  Pont  1984b 
Du  Pont  1984b 
Du  Pont  1984b 

Table  E6-17 
Toxicity  of  2,4-D  Butoxyethanoi  Ester  to  Aquatic  Organisms 


Species 


Concentration 
(ppm) 


Effect 


Source 


Rainbow  trout 

-fingerlings 

-  yearlings 

Bluegill 

Fathead  minnow 

Black  bullhead 

Crayfish 
Orconectes  nais 

Glass  shrimp 
Palaemonetes 
kadiakensis 

Shrimp 

Water  flea 
Daphnia  pulex 


D.  magna 

Copepod 
Nitocra  spinipes 

Scuds 
Gammarus  lacustris 

Gammarus  fasciatus 

Sowbug 
Asellus  brevicaudis 


1.42  to  1.55  96-hr  LC50 

9.0  96-hr  LCso 

1.2  96-hr  LCso 

3.3  96-hr  LC50 
7.1  to  7.7  96-hr  LCso 

greater  than  1 00  48-hr  LC50 

1.4  48-hr  LC50 

1.0  48-hrs,  no 
effect 

3.0  8  days,  no 
effect 

5.6  48-hr  LCso 

3.1  96-hr  LC50 

0.44  96-hr  LC50 

5.9  96-hr  LC50 

2.6  96-hr  LC50 


Halter  1980 

Dodson  and  Mayfield  19791 
Johnson  and  Finley  1980 
Johnson  and  Finley  1980 
Halter  1980 

Sanders  19701 

Sanders  19701 
Ghassemi  etal.  1981 

Sigmon  19791 

Sanders  19701 

Linden  etal.  19791 

Sanders  1969 
Sanders  19701 

Johnson  and  Finley  1980 
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Table  E6-17  (Continued) 
Toxicity  of  2,4- D  Butoxyethanol  Ester  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Seed  shrimp 
Cypridopsis  vidua 

2.2 

48-hr  EC5o 

Johnson  and  Finley  1980 

1.8 

48-hr  LC5o 

Sanders  19701 

Stonefly 
Pteronarcys 
californica 

-  adult 

greater  than  1,000 

96-hr  LC50 

FWPCA  1968  in  Pi  mental  1971 

-  nymphs 

1.6 

96-hr  LC50 

Sanders  and  Cope  1968 

Eastern  oyster 

3.75 

96-hr  EC50 

Butler  19651 
decrease  in 
shell  growth 

Snail 
Lymnea  sp. 

0.32 

42%  mortality  at 
6  weeks 

Halter  1980 

As  cited  in  USDA  1984. 


Dalapon 

Dalapon  is  slightly  toxic  to  fish  based  on  the 
results  of  studies  on  eggs,  fry,  fingerlings,  and  adult 
fish  (Table  E6-18).  Its  toxicity  to  invertebrates  is 
quite  variable;  some  organisms,  such  as  Daphnia 
magna,  brown  shrimp,  and  stonefly  nymphs,  are  sen- 
sitive, whereas  dragonf  lies,  snails,  and  copepods  are 
fairly  tolerant. 


Dicamba 

Dicamba  is  only  slightly  toxic  to  most  aquatic 
organisms  (Table  E6-19).  The  salts  and  free  acid  of 
dicamba  are  considered  toxicologically  equivalent 
because  the  salt  hydrolyzes  to  the  free  acid  in  an 
aqueous  environment  (EPA  1983b).  Short-term  LC50 
values  are  greater  than  10  ppm  for  fish,  amphibia, 
and  most  invertebrates.  The  amphipod  Gammarus 
lacustris,  which  has  a  96-hour  LC50  of  3.9  ppm,  is 
more  sensitive  to  dicamba  than  any  other  aquatic  ani- 
mal tested  (Sanders  1969).  A  48-hour  EC50  of  11  ppm 
was  determined  for  Daphnia  pulex  (Sanders  and 
Cope  1966,  as  cited  in  USDA  1984).  Daphnia  magna, 
with  a  48-hour  EC50  of  greater  than  100  ppm  (John- 
son and  Finley  1980)  does  not  appear  to  be  as  sen- 
sitive as  D.  pulex.  No  long-term  aquatic  toxicity 
studies  have  been  reported. 

Yolk-sac  fry,  fingerlings,  and  eggs  of  salmonids 
are  not  acutely  sensitive  to  fosamine  (USDA  1984). 


The  96-hour  EC50S  based  on  avoidance  behavior  and 
white  blood  cell  counts  in  coho  salmon,  also  are 
greater  than  100  ppm  (USDA  1984).  No  toxicity  stud- 
ies with  amphibians  have  been  reported,  and  no  long- 
term  studies  have  been  reported  with  aquatic  organ- 
isms. 


Diuron 

Diuron  is  moderately  toxic  to  fish  (Table  E6-20). 
The  96-hour  LC50S  for  technical  diuron  range  from 
1.4  ppm  for  cutthroat  trout  to  8.2  ppm  for  bluegill. 
Aquatic  invertebrates  are  more  sensitive  to  diuron 
than  fish;  the  lowest  LC50  is  0.16  ppm  for  the  scud 
(Gammarus  fasciatus.)  Toxicity  values  for  amphib- 
ians have  not  been  reported.  Tadpoles  are  very  tol- 
erant of  diuron  (96-hour  LC50  =  4,200  ppm). 


Glyphosate 

Roundup  and  Rodeo  are  the  two  formulations  of 
glyphosate  that  BLM  may  use  forvegetation  manage- 
ment. Because  of  its  surfactant  content,  Roundup  is 
much  more  toxic  to  aquatic  organisms  than  the 
other  two  formulations,  which  do  not  contain  surfac- 
tants. Therefore,  it  is  important  to  treat  separately 
the  risk  of  different  formulations. 
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Table  E6-18 
Toxicity  of  Dalapon  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Rainbow  trout 

340 

(sodium  salt, 
powder  74%  a.i.) 
1.0 

96-hr  LC50 

avoidance 
behavior 

Fol  mar  19761 

Bluegill 

105 

(technical) 
440  (Radapontm, 
sodium  salt) 

96-hr  LD50 
96-hr  LC50 

Mayer  and  Ellersieck 
1986 

USDA  1984 

-fingerlings 

greater  than  1,000 
(granular  and 
wettable 
powder) 

48-hr  LC50 

USDA  1984 

Green  sunfish 

-fry 

greater  than  50 

8-day  LCso 

Hiltibran  19671 

-eggs 

greater  than  50 

3-day  LC50 

Fathead  minnow 

290-390 
(Radapontm, 
sodium  salt) 

96-hr  LC50 
(toxicity 
greater  in  soft 
water  than  hard 
water) 

USDA  1984 

Channel  catfish 

-fingerlings 

10 

Less  than  10% 
mortality  at 
48  hours. 

McCorkle  et  al. 
19771 

Smallmouth  bass 

-fry 

greater  than  50 

8-day  LC50 

Hiltibran  19671 

Mosquito  fish 

greater  than  19,100 

96-hr  LC50 

Johnson  19781 

Grass  carp 

greater  than  30,000 
(Dalapon  85% 
a.i.) 

96-hr  LC50 
(No  mortality 
observed) 

Toobyetal.  1980 

Emerald  shiner 

greater  than  3,000 

72-hr  LC50 
(no  toxic 
effect) 

Springer  19572 

Lake  chubsucker 

-fry 

greater  than  50 

8-day  LC50 

Hiltibran  19671 

Brown  shrimp 

1.0 

(sodium  salt 
Radapontm) 

48-hr  EC50 
40%  mortality 
or  immobilization. 

Butler  19651 

Water  fleas 
Daphnia  magna 

6 

48-hr  LC50 

FWPCA  19682 

Daphnia  pulex 

11 

(8.2  -  14.7) 

48-hr  LC50 

Mayer  and  Ellersieck  1986 

Simocephalus 
serrulatus 

16 

(11.4  -  22.4) 

48-hr  EC50 

Mayer  and 
Ellersieck  1986 
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Table  E6-18  (Continued) 
Toxicity  of  Daiapon  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Copepods 
Cyclops  sp. 

400 
(sodium  salt) 

100%  mortality 
at  24  hrs;  no 
mortality  at 
200  ppm. 

Kenaga  19741 

Nitocra  spinipes 

4,800 

(sodium  salt, 
Nacam) 

96-hr  LC5o 

Linden  et  al. 
1979 

Fairy  shrimp 
Eubranchipus  sp. 

Stonefly 
Pteronarcys  sp. 
-  nymphs 

400 
(sodium  salt) 

1.0 
(sodium  salt) 

100%  mortality 
at  24  hrs;  no 
mortality  at 
200  ppm. 

24-hr  LC50 

Kenega  19741 
Cope 19652 

Pteronarcys 
californica 

Dragonfly 
Aeschna  sp. 

greater  than  1,000 

greater  than  1,600 
(sodium  salt 
a.e.) 

96-hr  LC50 

No  mortalities 
at  48  hours. 

Mayer  and 
Ellersieck  1986 

Kenaga  19741 

Snails 
Planorbis  sp. 

400  (sodium 
salt  a.e.) 

50%  mortality; 
no  mortality  at 
200  ppm. 

Kenaga  19741 

Physa  sp. 

Tadpoles 
Adelotus  brevis 

400  (sodium 
salt  a.e.) 

4,200 
(Dowpontm) 

50%  mortality; 
no  mortality  at 
200  ppm. 

96-hr  LC50 

Kenaga  19741 
Johnson  19761 

1  As  cited  in  USDA1984. 

2  As  cited  in  Pimentel  1971. 

Note:  Daiapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations 
registered  for  proposed  use.  Therefore,  daiapon  is  no  longer  considered  for  use. 


Roundup 

The  toxicity  of  the  Roundup  formulation  (41  per- 
cent isopropylamine(IPA)  salt  of  glyphosate,  15  per- 
cent surfactant,  and  44  percent  water)  to  aquatic  or- 
ganisms is  summarized  in  Table  E6-21.  Roundup  is 
moderately  to  slightly  toxic;  most  96-hour  LC50 
values  range  from  2  to  18  ppm.  The  acute  toxicity 
of  Roundup  is  greater  at  pH  7.5  than  pH  6.5,  and  tox- 
icity also  increases  with  increasing  temperature  (Fol- 
maretal.  1979).  Rainbow  trout  did  not  exhibit  avoid- 
ance behavior  at  concentrations  up  to  10  ppm, 
whereas  mayfly  nymphs  showed  avoidance  behav- 
ior at  this  level  (Folmar  et  al.  1979). 


Rainbow  trout  were  exposed  for  12  hours  to  0.02, 
0.2,  and  2.0  ppm  of  formulated  Roundup  (Folmar  et 
al.  1979).  No  effects  were  observed  on  fecundity  or 
maturation  of  gonads  after  being  held  in  freshwater 
for  30  days.  Midge  larvae  also  were  exposed  to  0.02, 
0.2,  and  2.0  ppm  of  Roundup.  Significant  increases 
in  stream  drift  of  the  larvae  were  observed  at  the 
highest  concentration. 


Rodeo 

The  Rodeo f  ormu lation  (53.5  percent  isopropylam- 
ine  salt  of  the  active  ingredient  N-phosphonomethyl 
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Table  E6-19 
Toxicity  of  Dicamba  (88%  technical)  to  Aquatic  Organisms 


Species 

96-hr  LC50  (ppm) 

Source 

Rainbow  trout 

28 

Johnson  and  Finley  1980 

-  fingerlings,  0.8g 
Cutthroat  trout 

135 
greater  than  50 

Velsicol  Chem.  Corp.1 
Woodward  19822 

Coho  salmon 

Lorzetal.  19792 

-juveniles 

1203 

Bluegill 

-fingerlings,  0.9g 

greater  than  50 
135 

Johnson  and  Finley  1980 
Velsicol  Chem.  Corp.1 

Grass  shrimp 
Palaemonetes  kadiakensis 

greater  than  56 

Johnson  and  Finley  1980 

Water  flea 
Daphnia  sp. 

11" 

Sanders  and  Cope  19662 

Daphnia  magna 

greater  than  1004 

Mayer  and  Ellersieck 
1986 

-  1st  instar 

Scud 
Gammarus  fasciatus 

greater  than  100 

Johnson  and  Finley  1980 

Sowbug 
Asellus  brevicaudus 

greater  than  100 

Johnson  and  Finley  1980 

Frog,  tadpole 

-(1-2wksold) 
Adelotus  brew's 

185 

Johnson  19762 

-(1-2wksold) 
Limnodynastes  peroni 

106 

Johnson  19762 

1  As  cited  in  Ghassemi  et  al.  1981. 

2  As  cited  in  USDA1984. 

3  48-hr  LC5o- 
*  48-hr  EC50. 


glycine  and  46.5  percent  water)  of  glyphosate  is  prac- 
tically nontoxic  to  aquatic  organisms  (Table  E6-21). 
The  96-hour  LCsos  for  fish  are  all  greater  than  1,000 
ppm,  and  the  48-hour  LCso  for  Daphnia  magna  is  930 
ppm  (Monsanto  1983). 


Technical  Glyphosate 

Technical  glyphosate  is  slightly  to  practically  non- 
toxic to  fish  and  invertebrates  (Table  E6-21).  Studies 
with  channel  catfish,  bluegill,  rainbow  trout,  and 
largemouth  bass  indicate  that  glyphosate  does  not 
bioaccumulate  in  fish  to  any  significant  degree  (Mon- 
santo  undated).   The   toxicity   of   glyphosate   or 


glyphosate-formulations  to  amphibians   has  not 
been  reported  in  the  literature. 

An  MATC  of  greater  than  25.7  ppm  has  been 
reported  in  a  long-term  study  with  fathead  minnows 
(Monsanto  undated).  A  21 -day  study  with  Daphnia 
magna  determined  a  NOEL  of  50  ppm  based  on 
decreased  reproduction  (Monsanto  undated). 


Hexazinone 

The  aquatic  toxicity  of  hexazinone  is  summarized 
in  Table  E6-22.  Hexazinone  is  practically  nontoxic 
to  fish;  all  96-hour  LCsos  are  greater  than  100  ppm. 
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Table  E6-20 
Toxicity  of  Diuron  to  Aquatic  Organisms 


Concentration 

Species 

(ppm) 

Effect 

Source 

Rainbow  trout 

4.9 

96-hr  LCso 

Johnson  and 

(4.1  -  5.9)1 

(95%  C.L.) 

Finley  1980 

16 

96-hr  LCso 

Johnson  and 

(11  -  23)2 

(95%  C.L.) 

Finley  1980 

Lake  trout 

2.7 

96-hr  LCso 

Johnson  and 

(2.4  -  3.0)1 

(95%  C.L.) 

Finley  1980 

Cutthroat  trout 

1.4 

96-hr  LC50 

Johnson  and 

(1.1  -  1.9)1 

(95%  C.L.) 

Finley  1980 

Bluegiil 

8.2 

96-hr  LC50 

Johnson  and 

(7.4  -  9.1)1 

(95%  C.L.) 

Finley  1980 

Water  fleas 

Daphnia 

1.4 

48-hr  ECso 

Johnson  and 

pulex 

(1.0  -  1.9)1 

(95%  C.L.) 

Finley  1980 

Simocephalus 

2.0 

48-hr  EC50 

Johnson  and 

serrulatos 

(1.4  -  2.8)1 

(95%  C.L.) 

Finley  1980 

Scud 

Gammarus 

0.16 

96-hr  LC50 

Johnson  and 

fasciatus 

(0.13  -  0.19)1 

(95%  C.L.) 

Finley  1980 

Sowbug 

Asellus 

15.5 

96-hr  LCso 

Johnson  and 

brevicaudus 

(7.2  -  33.4)1 

(95%  C.L.) 

Finley  1980 

Stonefly 

Pteronarcys 

1.2 

96-hr  LC50 

Johnson  and 

califomica 

(0.9  -  1.7)1 

(95%  C.L.) 

Finley  1980 

1  Technical  material 

95%. 

2  Wettable  powder,  80%. 

Table  E6-21 
Acute  Toxicity  of  Glyphosate  to  Aquatic  Organisms 


Concentration 

Species 

(ppm) 

Effect 

Source 

Roundup'"1  formulation: 

Rainbow  trout 

-fingerlings,  1g 

1.3 

96-hr  LCso 

Folmaretal.  1979 

-fingerlings,  2g 

7.8  to  14.0 

96-hr  LC50 

Bluegiil 

1.8  to  4.2 

96-hr  LCso 

Folmaretal.  1979 

Fathead  minnow 

2.3 

96-hr  LCso 

Folmaretal.  1979 
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Table  E6-21  (Continued) 
Acute  Toxicity  of  Glyphosate  to  Aquatic  Organisms 


Concentration 
Species 

(ppm) 

Effect 

Source 

Channel  catfish 

-fingerlings 

13.0 

96-hr  LCso 

Folmaretal.  1979 

-swim-up  fry 

3.3 

96-hr  LC5o 

-adult 

16.0 

96-hr  LC50 

Monsanto  1982 

Grass  carp 

15.0 

96-hr  LC50 

Toobyetal.  1980 

Carp 

3.9 

96-hr  TL50 

Monsanto  1982 

Crayfish 

greater  than  1,000 

96-hr  LC50 

Folmaretal.  1979 

Water  flea 
Daphnia  magna 

3.0 

48-hr  LC50 

Folmaretal.  1979 

Copepod 
Nitocra  spinipes 

22.0 

96-hr  LC50 

Linden  etal.  1979 

Scud 

Gammarus 
pseudolimnaeus 

43.0 

96-hr  LC50 

Folmaretal.  1979 

Midge  larvae 

18.0 

48-hr  EC50 

Folmaretal.  1979 

Rodeo*"1  formulation: 

Trout 

greater  than  1,000 

96-hr  LC50 

Monsanto  1983 

Bluegili 

greater  than  1,000 

96-hr  LC50 

Monsanto  1983 

Carp 

greater  than  10,000 

96-hr  LC50 

Monsanto  1983 

Water  flea 
Daphnia  magna 

930 

48-hr  LCso 

Monsanto  1983 

Glyphosate1: 

Rainbow  trout 

140(120-170) 
38 

96-hr  LC50 
96-hr  LC50 

Folmaretal.  19772 
USDA  19812 

Bluegili 

140(110-160) 

24 

96-hr  LC50 
(static  test) 
96-hr  LC50 
(flow  through  test) 

Folmaretal.  19772 
USDA  19813 

Fathead  minnow 

97(79-120) 

96-hr  LCso 

Folmaretal.  19772 

Channel  catfish 

130(110-160) 

96-hr  LC50 

Folmaretal.  19772 

Carp 

Water  flea 
Daphnia  sp. 

115 
780 

96-hr  LCso 
40-hr  LC50 

USDA  19813 
Monsanto  19823 

Midge 

Chironomus 
plumosus 

55 

48-hr  EC50 

Folmaretal.  1979 

1  Technical  glyphosate  (95%  or  more  of  active  ingredient)  is  assumed  to  be  the  formulation  used. 

2  As  cited  in  Ghassemi  et  al.  1981. 

3  As  cited  in  USDA  1984. 
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Table  E6-22 
Toxicity  of  Hexazinone  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Rainbow  trout 

320-4201 

96-hr  LC50 

EPA  19822; 
Du  Pont  1984a 

greater  than  1803 

96-hr  LC50 

Mayer  and  Ellersieck  1986 

Brook  trout 

greater  than  1001 3 

96-hr  LC50 

Mayer  and  Ellersieck  1986 

Bluegill 

505 
(450-538) 

96-hr  LC50 
(95%  C.L.) 

EPA  19822 

370-420 

96-hr  LC50 

EPA  19822 

925 
(782-1,049)" 

96-hr  LC50 
(95%  C.L.) 

Schneider  and  Kaplan  19832 

Fathead  minnow 

274 
(270-361)1 

96-hr  LC50 
(95%  C.L.) 

EPA  19822; 
Du  Pont  1984a 

Fiddler  crab 

greater  than  1,0001 

96-hr  LC50 

EPA  19822 

Grass  shrimp 

56-1001 

96-hour  LC50 

EPA  19822 

Water  flea 
Daphnia  magna 

151.6 
(125.2-172.8)1 

48-hr  LC50 
(95%  C.L.) 

EPA  19822 

Daphnia  sp. 

20-501 
101 

21-day  LC50 
21 -day  NOEL 

Mayacketal.  19822 
and  EPA  19822 

Eastern  oyster 
-larvae 

320-5601 

48-hr  EC50, 
based  on  reduction 
in  number  of 
normal  embryos. 

EPA  19822 

1  Technical. 

2  As  cited  in  USDA  1984. 

3  90%  wettable  powder. 

4  Velpartm  L  -  25%  hexazinone  liquid. 


EPA  (1982,  as  cited  in  USDA  1984)  has  described 
technical  hexazinone  as  "practically  nontoxic"  to 
fish.  It  is  slightly  toxic  to  aquatic  invertebrates  (Table 
E6-22).  A  21-day  NOEL  of  10  ppm  (technical)  has 
been  determined  for  Daphnia  sp.  (Mayack  et  al.  1982 
and  EPA  1982,  both  as  cited  in  USDA  1984).  No  tox- 
icity studies  have  been  reported  for  amphibians.  No 
chronic  studies  with  aquatic  organisms  have  been 
reported. 


Imazapyr 

Technical  imazapyr,  the  isopropylamine  salt  of 
imazapyr,  and  the  Arsenal  2.0  AS  formulation  are 
practically  nontoxic  to  rainbow  trout,  bluegill,  and 


channel  catfish  (Table  E6-23).  The  water  flea,  the 
only  aquatic  invertebrate  that  has  been  tested,  was 
not  sensitive  to  Arsenal  (American  Cyanamid  Com- 
pany 1985).  No  studies  have  been  reported  with 
amphibians.  Chronic  or  reproductive  studies  have 
not  been  reported  in  the  literature. 


Mefluidide 

Mefluidide  is  practically  nontoxic  to  fish  based  on 
96-hour  LC50S  of  1 ,600  mg/L  for  bluegill  and  greater 
than  1,200  mg/L  for  trout  (WSSA  1983)  (Table 
E6-16). Toxicity  values  foramphibians,  aquatic  inver- 
tebrates, and  other  fish  were  not  found. 
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Table  E6-23 
Toxicity  of  Imazapyr  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Rainbow  trout 

110^ 
greater  than  1002 

96-hr  LC50 

Bluegill 

greater  than  1801 

greater  than  1002 

greater  than  1.0003 

96-hr  LC50 

Channel  catfish 

1002 

96-hr  LCso 

Water  flea 
D.  magna 

greater  than  3501 
1002 
7503 

48-hr  LC50 

1  Arsenal  2.0  AS. 

2  Technical  imazapyr. 

3  Isopropylamine 

salt  of  imazapyr. 

Source:  American  Cyanamid  Company  1985. 

Metsulfuron  Methyl 

Metsuifuron  methyl  has  a  low  toxicity  for  fish  and 
aquatic  invertebrates  (Table  E6-16).  The  96-hour 
LC50  for  trout  and  bluegill  is  greater  than  150  mg/L 
(Du  Pont  1984b).  The  48-hour  LC50  for  the  daphnia 
Daphnia  magna,  is  also  greater  than  150  ppm  (Du 
Pont  1984b).  Toxicity  values  for  amphibians  and 
other  aquatic  species  were  not  found  in  the  litera- 
ture. 


Woodward  (1979)  reported  increased  fry  mortality 
in  cutthroattrout  at  concentrations  of  picloram  (tech- 
nical grade)  greater  than  1.3  ppm  and  reduced  fry 
growth  above  0.61  ppm  (flow-through  tests).  No 
adverse  effects  to  cutthroat  fry  occurred  below  0.29 
ppm.  The  reported  concentrations  are  initial  peak 
concentrations,  which  are  intended  to  simulate  con- 
centration resulting  from  runoff  from  a  rainstorm. 
Mean  concentrations  for  the  exposure  period  were 
not  reported.  Similar  findings  have  been  reported  by 
Scott  et  al.  (1977,  as  cited  in  Mullison  1985).  Wood- 
ward (1976)  has  also  reported  chronic  studies  on 
lake  trout,  where  0.035  ppm  of  picloram  adversely 
affected  the  rate  of  yolk  sac  absorption  and  growth 
of  fry. 

Mayes  et  al.  (1987)  conducted  chronic  toxicity 
studies  with  embryo-larval  rainbow  trout  exposed  to 
technical  picloram.  They  reported  an  MATC  of 
between  0.55  ppm  and  0.88  ppm  and  estimated  as 
0.70  ppm  based  on  the  geometric  mean.  Larval  sur- 
vival was  significantly  reduced  at  2.02  ppm,  and 
growth  was  significantly  reduced  at  0.88  ppm. 

No  adverse  effects  on  growth  were  reported  for 
algae,  Daphnia  sp.,  goldfish,  and  guppies  exposed 
to  1  ppm  picloram  for  10  weeks.  Guppies  exhibited 
no  adverse  effects  at  this  same  concentration  after 
6  months  of  exposure(Lynn  1965,  as  cited  in  Ghas- 
semi  et  al.  1981).  Chronic  studies  with  Daphnia 
magna  by  Gersich  et  al.  (1985)  indicated  an  MATC 
of  between  11.8  an  18.1  ppm  with  a  geometric  mean 
of  14.6  ppm.  The  MATC  endpoint  was  based  on 
mean  total  young/adult. 

Studies  with  picloram  (Tordon  50-D)  have 
reported  96-hour  LC50S  for  1-week-old  tadpoles  of 
95  ppm  for  Adelotus  brevis  and  105  ppm  for  Limno- 
dynastes  peroni  (Johnson  1976). 


Picloram 

Tordon  101  (a  mixture  of  picloram  and  2,4-D)  is 
slightly  toxic,  and  picloram  is  generally  moderately 
to  slightly  toxic  to  aquatic  organisms.  All  reported 
LC50S  for  Tordon  101  are  greater  than  10  ppm  (Table 
E6-24). 

Aquatic  insects  and  crustaceans  have  24-  to 
96-hour  LC50S  of  greater  than  25  ppm  for  technical 
picloram.  A  48-hour  LC50  of  50.7  ppm  has  been 
reported  for  Daphnia  magna  exposed  to  technical 
picloram  (Mayes  and  Dill  1984).  Daphnia  sp.  showed 
no  effect  during  a  24-hour  exposure  to  380  ppm  of 
Tordon  101  (USDA  1984).  For  lake  trout  and  cut- 
throat trout,  technical  grade  picloram  (90-percent 
active  ingredient)  is  more  toxic  than  the  other  formu- 
lations, with  96-hour  LC50S  in  these  species  of  4.3 
and  4.8  ppm,  respectively  (Johnson  and  Finley 
1980). 


Simazine 

Simazine  is  moderately  to  slightly  toxic  to  fish  and 
aquatic  invertebrates  (Table  E6-25).  Studies  with  the 
fathead  minnow  indicated  that  a  4-percent  granular 
formulation  was  much  more  toxic  than  the  technical 
material  or  80  percent  wettable  powder.  Insects  and 
some  microcrustaceans  (water  fleas  and  seed 
shrimp)  are  more  sensitive  than  the  other  organisms 
that  have  been  tested.  No  toxicity  studies  with 
amphibians  are  available. 


Sulfometuron  Methyl 

Acute  toxicity  tests  using  technical  sulfometuron 
methyl  were  conducted  with  representative  aquatic 
species,  including  bluegill,  rainbow  trout,  crayfish, 
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Table  E6-24 
Toxicity  off  Picloram  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Tordon  101,m  (10.2% 

picloram-TIPAS  5.7%  a.e.2, 

and  21.2%  a.e.  2,4-D  TIPA): 

Rainbow  trout 

8.6  a.e. 
31 .8  a.e 

Tordon 
2,4-D 

96-hr  LC5o 

Lynn  1965  and  Winston 
19633 

Brook  trout 

13.7  a.e 
50.9  a.e 

Tordon 
2,4-D 

96-hr  LC50 

Lynn  1965  and  Winston 
19633 

Brown  trout 

13.1  a.e 
48.8  a.e 

Tordon 
2,4-D 

96-hr  LC50 

Lynn  1965  and  Winston 
19633 

Coho  salmon 

17.5 

24-hr  LC50 

Sepharetal.  1981" 

Green  sunfish 

8.6  a.e. 
31 .8  a.e 

Tordon 
2,4-D 

96-hr  LC50 

Kenaga 1969 

Fathead  minnow 

3.7  a.e. 
13.7  a.e 

Tordon 
2,4-D 

96-hr  LC50 

Lynn  1965  and  Winston 
19633 

Pugnose  minnow 

7.6  a.e. 
28.2  a.e 

Tordon 
2,4-D 

96-hr  LC50 

Kenaga 1969 

Goldfish 

4.3  a.e.  Tordon 
15.9  a.e  2,4-D 

24-hr  LC50 

Hardy  19633 

Water  flea 
Daphnia  sp. 

530 

95%  mortality 
at  24  hours; 
no  mortality 
at  380  ppm. 

Lynn  1965 

Snail 

530 

100%  mortality 
at  72  hours; 
no  mortality 
at  380  ppm. 

Lynn  1965 

Picloram: 

Rainbow  trout 

24-34 
(a.e.) 

24  to  96-hr  LC50 

DOI  19653 

Coho  salmon 

21-29 
(a.e.) 

96-hr  LC50 

Bond  etal.  19673 

Bluegill 

21-26.5 
(a.e.) 

96-hr  LC50 

Bond  et.  al.  19673 

Largemouth  bass 

13.1-19.7 
(a.e.) 

24to48-hrLC5o 

DOI  19643 

Goldfish 

14-36 

24to96-hrLC50 

DOI  19643 

Mosquito  fish 

120-133 
(a.e.) 

24to96-hrLC5o 

Johnson  1978" 

Brown  shrimp 

1 

48-hr  NOEL 

DOI  1966" 

Water  flea 
Daphnia  sp. 

530 

95%  mortality  at  24 
hours,  NOEL  at 
380  ppm. 

Lynn  1965 

1 

No  observed  effect 
on  growth  and  repro- 
duction after  10  weeks. 

Hardy  1966" 
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Table  E6-24  (Continued) 
Toxicity  of  Picloram  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Scud 
Gammarus  lacustris 

50 

24-hr  LCso 

Sanders  1969* 

48 

48-hr  LCso 

DO  I  19685 

Stonefly  nymphs 
Pteronarcys 
californica 

120 

24-hr  LCso 

Sanders  and  Cope 
1968 

Eastern  oyster 

1 

No  observed  effect  on 
shell  growth  after 
48  hours. 

Butler  1965* 

Technical  Grade 
(90%  a.i.): 

Rainbow  trout 

12.5 

96-hr  LCso 

Johnson  and  Finley  1980 

Lake  trout 

4.25 

96-hr  LC50 

Woodward  1976 
Johnson  and  Finley  1980 

0.035 

Decreased  rate  of 
yolk  sac  absorption 
and  growth  in  fry, 
chronic  exposure. 

Cutthroat  trout 

5.0 

96-hr  LC50 

Woodward  1976 

greater  than  1.3 

greater  than  0.610 
0.29 

After  22  days 
exposure  increased 
fry  mortality; 
reduced  growth  of  fry; 
no  adverse  effects. 

Woodward  1979 

Bluegill 

23.0 

96-hr  LC50 

Johnson  and  Finley  1980 

Channel  catfish 

6.3-15.5 

96-hr  LC50 

Johnson  and  Finley  1980 

Scud 
Gammarus  fasciatus 

0.027 

96-hr  LC50 

Johnson  and  Finley  1980 

Stoneflies 
Pteronarcella  badia 

greater  than  10.0 

96-hr  LC50 

Johnson  and  Finley  1980 

Pteronarcys 
californica 

0.048 

96-hr  LC50 

Johnson  and  Finley  1980 

1  TIPA  -  triisopropylamine  salt. 

2  a.e.  -  acid  equivalent. 

3  As  cited  in  Kenaga  1969. 
"As  cited  in  USDA  1984. 

5  As  cited  in  Pimentel  1971. 
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Table  E6-25 
Toxicity  of  Simazine  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Rainbow  trout 

greater  than  100  (technical) 

96-hr  LC5o 

Mayer  and  Ellersieck 
1986 

2.5  (dissolved  in 
0.1%  acetone) 

No  effects  after 
28  days  exposure 
and  56  days  of 
observation. 

Bathe  et  al. 
19751 

2.8 

96-hr  LC50 

Mauck  19741 

Bluegill 

100 

(90.9  -  110) 

(80%  wettable 

powder) 

96-hr  LC50 
(95%  C.L.) 

Mayer  and  Ellersieck 
1986 

11.6 

96-hr  LC50 

Mauck  19741 

36  (simazine  80W 

96-hr  LC50 

Mauck  19741 

Fathead  minnow 

greater  than  10  (technical) 

96-hr  LC50 

Mayer  and  Ellersieck 
1986 

510(373  -  698) 
(80%  wettable 
powder) 

96-hr  LC50 

5(3.5  -  7.15) 
(4%  granular) 

96-hr  LC50 

Channel  catfish 

85  (simazine 
80W) 

96-hr  LC50 

Mauck  19741 

Pumpkinseed 

28  (simazine 
80W) 

96-hr  LC50 

Mauck  19741 

Redear  sunfish 

55  (simazine 
80W) 

96-hr  LC50 

Mauck  19741 

Largemouth  bass 

25-45  (simazine 
80W) 

96-hr  LC50 

Mauck  19741 

Yellow  perch 

100  (simazine 
80W) 

96-hr  LC50 

Mauck  19741 

Bluntnose  minnow 

63  (simazine 
80W) 

96-hr  LC50 

Mauck  19741 

Scud 

Gammarus 
fasciatus 

130  (technical) 

96-hr  LC50 

Mayer  and  Ellersieck 
1986 

G.  lacustris 

13 

96-hr  LC50 

USDA1984 

Seed  shrimp 
Cypridopsis 
vidua 

3.7  (2.6  -  5.3) 

48-hr  LC50 

Mayer  and  Ellersieck 
1986 

Grass  shrimp 
Palaemonetes 

greater  than  5.6 

24-hr  LCso 

Mayer  and  Ellersieck 
1986 

Stonefly 
Pteronarcys 
californica 

1.9(0.9  -  4.0) 
(technical) 

96-hr  LC50 

Mayer  and  Ellersieck 
1986 
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Table  E6-25  (Continued) 
Toxicity  of  Simazine  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Water  flea 

Daphnia  magna 

1.1 

(0.56  -  2.2) 

(technical) 

48-hr  EC50 

Johnson  and  Finley 
1980 

Sowbug 
Asellus 
brevicaudus 

greater  than  100 
(technical) 

48-hr  LCso 

Sanders  19701 

Crayfish 
Orconectes 

greater  than  100 

48-hr  LCso 

Sanders  19701 

nais 

1  As  cited  in  USDA1984. 


and  Daphnia  magna  (Table  E6-26).  The  results  indi- 
cate that  this  herbicide  is  only  slightly  toxic  to 
aquatic  organisms. 

The  fathead  minnow  was  used  for  early  lifestage 
aquatic  toxicity  testing.  No  effect  on  embryo  hatch 
or  larval  survival  and  growth  was  observed  at  concen- 
trations of  up  to  1.2  mg/L  (Du  Pont  1983). 

The  toxicity  of  sulfometuron  methyl  to  amphib- 
ians has  not  been  reported  in  the  literature.  No  long- 
term  studies  of  the  effects  of  sulfometuron  methyl 
on  aquatic  organisms  have  been  reported. 


Tebuthiuron 

The  toxicity  of  tebuthiuron  to  aquatic  organisms 
is  summarized  in  Table  E6-27.  This  herbicide  is  prac- 
tically nontoxic  to  most  fish  and  invertebrates.  Acute 
toxicity  values  are  greater  than  100  ppm  for  all 
aquatic  species  tested  with  the  exception  of  the  pink 
shrimp  (96-hour  LCso  =  48  ppm).  Based  on  early  life- 
stage  studies,  NOELs  of  26  ppm  have  been  deter- 
mined for  rainbow  trout,  9.3  ppm  for  fathead  min- 
now, and  21.8  ppm  for  Daphnia  magna.  No  studies 
are  available  on  amphibians. 


Table  E6-26 
Toxicity  of  Sulfometuron  Methyl  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Rainbow  trout 

greater  than  12.51 

96-hr  LCso 

Bluegill 

greater  than  12.51 

96-hr  LCso 

Fathead  minnow 

1.2 

No  effect  on  eggs 
or  larvae. 

Crayfish 

greater  than  5.0002 

96-hr  LC50 

Water  flea 
D.  magna 

greater  than  12.51 
8,5003 

48-hr  LC50 
48-hr  EC50 

1  This  represents  the  limits  of  solubility  for  the  technical  product  under 
the  reported  test  conditions. 

2  Technical  product;  experimental  conditions  (pH)  were  adjusted  to 
increase  solubility. 

3  75%  dry  flowable  formulation. 

Source:  Du  Pont  1983;  Fred  O'Neal,  Du  Pont,  Agricultural  Products 
Department,  Wilmington,  Delaware,  personal  communication,  1987. 
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Table  E6-27 
Toxicity  of  Tebuthiuron  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Rainbow  trout 

144 

96-hr  LC50 

USDA1986 

-  eggs  &  larvae 

26 

NOEL,  no  effects 
on  hatchability, 
growth,  behavior 
development,  or 
survival;  reduced 
growth  and  survival 
at  52  ppm. 

USDA  1986 

Bluegill 

112 

96-hr  LC50 

USDA  1986 

Fathead  minnow 

greater  than  160 
(technical) 

96-hr  LC50 

Todd  etal.  19741 

-  eggs  &  larvae 

9.3 

NOEL,  no  effects 
on  hatching, 
growth,  development, 
behavior,  or 
survival;  reduced 
growth  at  18  ppm. 

USDA  1986 

Goldfish 

greater  than  160 

96-hr  LC50 

Todd  etal.  19741 

Fiddler  crab 

greater  than  320 

96-hr  LC50, 

320  ppm  was  highest 

concentration  tested. 

USDA  1986 

Pink  shrimp 

48 

96-hr  LC50 

USDA  1986 

Water  flea 
Daphnia  magna 

297 

48-hr  EC50 

USDA  1986 

21.8 

No  effects  on 
reproduction, 
growth,  or 
survival  with 
lifetime  exposure. 

USDA  1986 

Oyster 

-  embryos 

180-320 

48-hr  EC50, 

abnormal  development. 

USDA  1986 

1  As  Cited  in  USDA  1986. 


Triclopyr 

The  toxicity  of  triclopyr  to  aquatic  species  is  sum- 
marized in  Table  E6-28.  The  butoxyethyl  ester  is 
highly  toxic  to  fish,  whereas  the  triethylamine  (TEA) 
salt  is  practically  nontoxic.  The  96-hour  LC50  for 
bluegill  exposed  to  the  butoxyethyl  ester  is  0.87  ppm 
and  is  891  ppm  for  exposure  to  the  triethylamine  salt. 
Unformulated  triclopyr  also  is  practically  nontoxic 
to  aquatic  organisms.  An  8-day  embryo-larval  study 
with  fathead  minnows  exposed  to  the  TEA  salt  for- 
mulation determined  an  MATC  of  91  ppm  based  on 
mortality  (Mayes  et  al.  1984).  The  hatchability  of  the 


embryos,  development,  and  growth  of  the  fry  were 
not  significantly  affected.  No  toxicity  studies  have 
been  reported  with  amphibians. 


Light  Fuel  Oil 

Diesel  fuel,  jet  fuels,  and  fuel  oils  are  moderately 
to  highly  toxic  to  fish  (Table  E6-29).  Jenkins  et  al. 
(1977,  as  cited  in  Burks  1982)  studied  the  acute  and 
chronic  toxicity  of  jet  fuels  to  several  fish  species, 
including  the  golden  shiner,  rainbow  trout,  and  flag- 
fish.  The  96-hour  LC50S  (static  tests)  for  the  golden 
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Table  E6-28 
Toxicity  of  Triclopyr  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Rainbow  trout 

0.741 
5523 

96-hr  LC50 
96-hr  LC50 

Dow  Chemical 
Company  19832 

Bluegill 

117 

96-hr  LC50 

Dow  Chemical 
Company  19832 

8913 

96-hr  LC50 

148 
(triclopyr) 

96-hr  LC50 

• 

Fathead  minnow 

(120  to  245)3" 

96-hr  LCso 
(Toxicity  increased 
with  temperature 
between  17  and  26°  C) 

Mayes  et  al.  (in 
press)2 

101 
(88.5  -  116)3  4 

8-day  LC50 
(24.8  -  25.8°  C) 

-  embryo-larval 
stages 

1143  4 

98%  mortality  at 
28  days;  21% 
mortality  in 
controls. 

Crab 

greater  than  1,000s 

96-hr  LC50 

Dow  Chemical 
Company  19832 

Shrimp 

8955 

96-hr  LC50 

Dow  Chemical 
Company  19832 

Water  flea 
Daphnia  magna 

1,170 
(1,030  -  1,340)3 

48-hr  LCso 
(95%  C.L.) 

Gersichetal.  1984 

1,140 
(950  -  1,590)3 

21 -day  LC50 

110 

MATC  based  on 
total  young  and 
brood  size. 

Oyster 

56  -  875 

48-hr  LC50 

Dow  Chemical  Company 
19832 

1  Garlontm  3A  butoxyethyl  ester. 

2  As  cited  in  USDA  1984. 

3  Garlontm  3A-triethylamine  salt  (TEA)  or  other  TEA  formulation. 

4  Flow-through  tests. 

5  Garlontm  3A-type  not  specified. 
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shiner  were  0.68  and  0.94  ppm  for  the  jet  fuels  RJ-4 
(a  12-carbon  molecule)  and  RJ-5  (a  14-carbon  mole- 
cule), respectively.  The  97-day  nonlethal  concentra- 
tion for  rainbow  trout  was  less  than  0.03  ppm  for 
RJ-4  and  0.04  ppm  for  RJ-5.  The  NOEL  for  eggs  of 
the  flagfish  exposed  by  continuous  flow  to  RJ-4  was 
0.2  ppm.  Reduced  hatchability  of  flagfish  was 
observed  from  exposure  to  RJ-5  at  concentrations 
above  0.05  ppm. 

EPA  has  reported  (1976,  as  cited  in  DOE  1983) 
acute  toxicity  values  (96-hour  LCsos)  for  freshwater 
fish  of  greater  than  0.19  ppm  for  diesel  fuel  and 
greater  than  1.2  ppm  for  No.  2  fuel  oil.  Tagatz  (1961, 
as  cited  in  Burks  1982)  reported  a  48-hour  LCso  for 
No.  2  fuel  oil  of  125  to  251  ppm  with  juvenile  Amer- 
ican shad.  This  reported  concentration  is  based  on 
the  amount  of  oil  applied  to  the  water's  surface  (nom- 
inal concentration)  and  not  the  water-soluble  frac- 
tion. This  may  account  for  the  apparent  lower  sen- 
sitivity of  the  shad  to  No.  2  fuel  oil. 

The  toxicity  of  No.  2  fuel  oil  has  been  studied  for 
many  different  marine  fish  and  invertebrate  species 
(Table  E6-29).  The  LCsos  range  from  0.81  to  greater 
than  6.9  ppm  for  marine  fish  and  0.21  to  14.1  ppm 
for  invertebrates  (Connell  and  Miller  1984).  The 
range  of  toxicity  values  determined  for  No.  2  fuel  oil 
with  marine  species  is  useful  in  estimating  the  range 
of  sensitivities  for  freshwater  species  because 
marine  and  freshwater  species  generally  have  a  sim- 
ilar range  of  tolerance  to  toxicants  (Sprague  1985). 

Irwin  (1964,  as  cited  in  Burks  1982)  calculated  a 
"ratio  of  resistance"  to  rank  the  sensitivities  of  57  fish 


species  to  oil  refinery  wastewater.  The  guppy  was 
the  least  sensitive  and  was  assigned  a  ratio  of  resis- 
tance of  100.  The  ratios  of  resistance  for  some  com- 
mon freshwater  fish  were  as  follows:  rainbow  trout 
(34.68),  smallmouth  bass  (35.60),  northern  pike 
(37.31),  fathead  minnow  (49.19),  largemouth  bass 
(53.27),  bluegill  (54.10),  and  channel  catfish  (60.15). 
This  study  may  be  useful  in  predicting  the  relative 
order  of  sensitivities  of  these  species  to  diesel  fuels 
and  other  petroleum  products. 

The  96-hour  LCso  for  adult  blue  crabs  exposed  to 
No.  2  fuel  oil  was  14.1  ppm  (Melzian  1983).  This  spe- 
cies appears  to  be  much  more  tolerant  than  other 
crustaceans  or  fish  tested.  No  histopathological 
changes  were  observed  in  the  gills,  hepatopancreas, 
or  muscles  of  the  blue  crab  after  2  weeks  of  exposure 
to  No.  2  fuel  oil  at  0  to  1.0  ppm  (Melzian  1983). 

A  spill  of  No.  2  fuel  oil  into  a  small  stream  in  Vir- 
ginia was  acutely  toxic  to  some  fish,  crayfish,  and 
caddisflies  (order  Trichoptera)  (Hoehn  et  al.  1974, 
as  cited  in  Burks  1982).  Two  weeks  after  the  spill, 
the  density  of  benthic  macroinvertebrates  down- 
stream was  25  percent  less  than  the  density  up- 
stream from  the  spill,  but  species  diversity  was  not 
affected.  The  density  of  the  macroinvertebrates 
returned  to  normal  levels  by  18  weeks  after  the  spill. 

The  toxicity  of  diesel  fuel  or  other  related  petro- 
leum compounds  to  amphibians  has  not  been 
reported  in  the  literature.  No  chronic  toxicity  studies 
have  been  reported  for  any  aquatic  organisms. 


Table  E6-29 
Toxicity  of  Light  Fuel  Oil  to  Aquatic  Organisms 


Species 


Concentration 
(ppm) 


Effect 


Source 


Freshwater  fish 


Rainbow  trout 


Dolly  Varden  trout 
smolts 

Pink  salmon 

Golden  shiner 

Sheepshead 
minnow 


greater  than  0.191 

96-hr  LC50 

EPA  1976,  as  cited 
in  DOE  1983 

greater  than  1.2* 

96-hr  LCso 

0.033 
0.04" 

97-day 

nonlethal  level 
97-day 
nonlethal  level 

Jenkins  et  al.  1977, 
as  cited  in  Burks 
1982 

2.292 

96-hr  LC50 

Connell  and  Miller  1984 

0.812 

96-hr  LC50 

Connell  and  Miller  1984 

0.683 
0.94-» 

96-hr  LCso 
96-hr  LC50 

Jenkins  etal.  1977, 
as  cited  in  Burks  1982 

greater  than  6.92 

96-hr  LC50 

Connell  and  Miller  1984 
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Table  E6-29  (Continued) 
Toxicity  of  Light  Fuel  Oil  to  Aquatic  Organisms 


Species 

Concentration 
(ppm) 

Effect 

Source 

Saffron  cod 

2.932 

96-hr  LC50 

Connell  and  Miller  1984 

Flagfish  (eggs) 

0.23 
greater  than  0.054 

No  effect  level. 

Reduced 

hatchability 

Jenkins  et  al.  1977, 
as  cited  in  Burks 
1982 

Blue  crab 

14.12 

96-hr  LC50 

Melzian  1983 

Grass  shrimp 
larvae 
post  larvae 
adult 

1.22 

2.42 
3.52 

96-hr  LC50 

Connell  and  Miller 
1984 

Brown  shrimp 
late  juvenile 
adult 

2.92 
4.92 

96-hr  LC50 

Connell  and  Miller 
1984 

Dark  shrimp 

1.112 

96-hr  LC50 

Connell  and  Miller  1984 

Humpback  shrimp 

1.692 

96-hr  LC50 

Connell  and  Miller  1984 

Scooter  shrimp 

0.532 

96-hr  LC50 

Connell  and  Miller  1984 

Pink  shrimp 

0.212 

96-hr  LC50 

Connell  and  Miller  1984 

Polychaete 
(segmented  aquatic  worm) 

2 

-  4.22 

96-hr  LC50 

Connell  and  Miller 
1984 

1  Diesel  fuel. 

2  No.  2  fuel  oil. 
s  Jet  fuel  RJ-4. 
«  Jet  fuel  RJ-5. 
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This  section  describes  the  estimated  wildlife  and 
aquatic  species  exposures  to  the  19  herbicides  and 
2  carriers  that  may  be  used  in  vegetation  treatment 
in  the  13  Western  States.  It  discusses  the  represen- 
tative species  selected  for  exposure  estimation  and 
presents  details  about  how  exposures  for  each  spe- 
cies were  determined,  based  on  the  species  biology 
and  chemical  application  rates. 

Nineteen  herbicides  were  proposed  for  use  in  the 
vegetation  treatment  program.  However,  after 
impact  and  risk  assessment  analyses,  17  are  pro- 
posed for  use  in  the  vegetation  treatment  program. 
BLM  has  reexamined  the  risk  assessment  and  exam- 
ined additional  data  for  amitrole.  BLM  has  deter- 
mined that  amitrole  is  no  longer  considered  for  pro- 
posed use  in  this  document.  Amitrole  will  be  deleted 
in  the  Record  of  Decision.  Since  drafting  this  docu- 
ment, producers  are  no  longer  manufacturing 
dalapon  formulations  registered  for  proposed  use. 
Therefore,  dalapon  is  no  longer  considered  for  use. 
However,  information  on  all  19  herbicides  is 
included  throughout  the  document. 


WILDLIFE  EXPOSURES 


Representative  Wildlife  Species 

Wildlife  exposures  were  calculated  for  a  group  of 
wildlife  species  representative  of  those  typically 
found  in  areas  supporting  rangeland  vegetation  in 
the  West.  These  species  represent  a  range  of  phy- 
logenetic  classes  and  body  sizes,  with  many  differ- 
ent diets.  The  methodology  used  to  determine  the 
exposures  is  the  same  as  that  used  in  the  environ- 
mental impact  statements  prepared  by  the  U.S. 
Department  of  Justice,  Drug  Enforcement  Adminis- 
tration, on  the  eradication  of  cannabis  with  herbi- 
cides (DEA  1985,  1986),  and  the  environmental 
impact  statement  prepared  by  the  U.S.  Department 
of  the  Interior,  Bureau  of  Land  Management,  on  the 
control  of  noxious  weeds  with  herbicides  (USDI 
1987).  Table  E7-1  lists  the  representative  wild  life  spe- 
cies and  gives  the  various  biological  parameters 
used  for  each  species  in  the  exposure  analysis. 


Table  E7-1 
Biological  Parameters  of  Representative  Rangeland  Wildlife  Species 


Body 

Body 

Surface 

Vegetation 

Percent 

Breathing 

Representative 

Weight 

Area 

Contact 

Body 

Rate 

Species 

(grams) 

(cm*) 

(percent) 

Groomed 

(L/mln) 

Birds 

Lark  Bunting 

33 

103 

77 

62 

2.05  x10"2 

Sage  Grouse 

1,500 

1,314 

18 

21 

0.39 

Bobwhite  Quail 

170 

307 

42 

39 

7.26x10-2 

American  Kestrel 

125 

250 

47 

42 

5.73x10-2 

Mammals 

Grasshopper  Mouse 

32 

101 

78 

63 

2.41  x  10-2 

Black-Tailed  Jackrabbit 

2,722 

1,955 

15 

17 

0.84 

Pronghorn 

46,100 

12,903 

5 

8 

8.12 

Coyote 

15,500 

6,237 

8 

10 

3.40 

Reptiles 

Horned  Lizard 

25 

86 

86 

0 

0.00 

Yellow-Bellied  Racer 

395 

539 

30 

0 

0.00 

Amphibians 

Rocky  Mountain  Toad 

22 

79 

90 

0 

0.01 

Domestic  Animals 

Beef  Cow 

453,590 

59,292 

2 

4 

50.58 

Chicken 

2,000 

— 

— 

— 

— 

Domestic  Dog 

13,000 

— 

— 

— 

— 
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Wildlife  Data  Sources 

The  following  references  were  used  in  the  species 
selection  and  in  deriving  the  biological  parameters 
of  each  species: 

(1)  Distribution,  Life  History,  and  Diet 

•  Birds:  Robbinsetal.  (1966),  Scott  etal.  (1977), 
Brown  (1985),  MacMahon  (1986). 

•  Mammals:  Schmidt  and  Gilbert  (1978),  Burt 
and  Grossenheider  (1966),  Young  and  Jack- 
son (1951),  USDA  (1935),  Brown  (1985),  Mac- 
Mahon (1986),  McCracken  (1981). 

•  Reptiles  and  Amphibians:  Conant  (1958), 
Dickerson  (1969),  Brown  (1985),  MacMahon 
(1986). 

(2)  Physiology,    Metabolism,    Food    Intake,    and 
Weight 

•  Gordon  etal.  (1968),  Hutchinson  etal.  (1968), 
Lasiewski  and  Dawson  (1967),  Kendeigh 
(1970),  Lasiewski  and  Calder  (1 971 ),  Schmidt- 
Nielsen  (1975),  Schmidt-Nielsen  (1972),  Stur- 
kie  (1965),  Slobodkin  and  Richman  (1961), 
Welty  (1962),  Zar  (1968),  Drozdz  (1968), 
Odum  (1971),  Moore  (1964),  Altman  and 
Dittmer  (1962),  Seibert  (1949),  Banse  and 
Mosher  (1980),  Odum  et  al.  (1962),  Damuth 
(1981),  Kendeigh  (1969),  Weins  and  Innis 
(1974),  Rosenberry  and  Klimstra  (1971). 


Wildlife  Exposure  Estimates 

Realistic  and  extreme  acute  exposure  estimates 
were  made  for  each  representative  species  for  each 
of  the  three  major  exposure  routes:  inhalation,  der- 
mal, and  ingestion.  Because  the  herbicides  degrade 
relatively  rapidly  and  sites  are  normally  treated  only 
once  per  year,  no  analysis  of  chronic  wildlife  dosing 
was  done.  Because  the  herbicides  show  little  ten- 
dency to  bioaccumulate,  as  discussed  in  Chapter  3 
of  the  EIS,  long-term  persistence  in  food  chains  and 
subsequent  toxic  effects  were  not  considered  a  prob- 
lem and  were  not  examined  in  the  risk  analysis. 

Herbicide  doses  for  the  representative  species 
were  calculated  using  conservative,  simplified 
assumptions  concerning  routine  application  opera- 
tions that  give  realistic  dose  estimates  and  highly 
unlikely  (extreme)  dose  estimates  in  which  animals 
are  directly  sprayed  with  herbicide.  Exposures  for 
rangeland  typical  applications  were  based  on  the  typ- 
ical application  rates  for  aerial  rangeland.  Typical 
and  extreme  exposures  were  estimated  for  right- 
of-way  applications. 

For  the  rangeland  typical  doses,  dermal  expo- 
sures were  based  on  the  levels  likely  to  be  found  on 


vegetation  leaf  surfaces,  because  the  animals  are  as- 
sumed to  seek  cover  during  a  spraying  operation. 
The  right-of-way  typical  dose  levels  were  estimated 
the  same  way  but  at  the  higher  rates  used  in  those 
applications.  Extreme  doses  were  estimated  by 
assuming  that  animals  are  directly  sprayed  at  the 
right-of-way  application  rate. 

The  dermal  penetration  rates  used  in  the  human 
exposure  analysis  were  used  to  determine  mamma- 
lian wildlife  dermal  penetration  (that  is,  the  amount 
of  chemical  that  penetrates  an  animal's  skin).  This 
is  a  conservative  assumption  because  the  animal's 
fur  is  likely  to  decrease  the  amount  of  herbicide  that 
actually  reaches  the  skin.  A  dermal  penetration  rate 
of  10  percent  was  assumed  for  the  herbicides  for 
which  no  dermal  penetration  data  were  available.  In 
both  typical  and  extreme  exposures,  mammals  and 
birds  are  assumed  to  receive  an  oral  dose  from 
grooming  their  fur  or  preening  their  feathers.  This 
amount  is  subtracted  from  the  amount  they  would 
receive  from  their  dermal  exposure. 

Because  larger  animals  have  larger  home  ranges, 
they  are  not  as  likely  to  feed  on  contaminated  items 
at  a  particular  site  as  are  smaller  animals.  Therefore, 
ingestion  doses  were  assumed  to  come  from  ani- 
mals eating  aspecified  percentage  of  theirdaily  food 
intake  in  contaminated  items,  based  on  their  body 
size.  That  is,  the  percentage  of  contaminated  food 
intake  decreases  as  body  size  increases. 

Inhalation  exposures  are  assumed  to  come  from 
a  hypothetical  amount  of  herbicide  droplets  forming 
a  "cloud"  that  moves  slowly  offsite. 

The  total  systemic  dose  to  each  animal  was  calcu- 
lated as  the  sum  of  the  estimated  doses  received  by 
way  of  dermal,  ingestion,  and  inhalation  routes. 
Tables  E8-1  to  E8-22  in  the  Wildlife  Risk  Analysis 
Section  (Section  E8)  give  the  total  typical  and 
extreme  dose  estimates  for  the  representative  spe- 
cies. 


Exposure  Calculations 


Inhalation  Exposures.  Wildlife  inhalation  exposures 
were  assumed  to  come  from  animals  breathing  in 
herbicide  spray  droplets  of  respirable  size  (30  mi- 
crons in  diameter  or  less)  as  a  hypothetical  "cloud" 
of  those  droplets  moves  slowly  offsite.  The  cloud 
is  assumed  to  be  dispersed  within  the  first  5  meters 
(about  16  feet)  above  ground  level  and  to  consist 
of  respirable  droplets  that  constitute  1  percent  of 
the  total  applied  herbicide  by  volume.  Based  on 
these  assumptions,  the  airborne  concentration  is 
0.0002242  milligram  per  liter  (mg/L)  for  each  1.12  kil- 
ogram per  hectare  (kg/ha)  (1  lb/acre)  applied.  The 
cloud  moves  offsite  and  dissipates,  exposing  ani- 
mals on  the  downwind  edge  for  10  minutes.  The 
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nominal  exposure  was  multiplied  by  the  herbicide 
application  rate  and  then  by  each  animal's  breathing 
rate.  Their  breathing  rate  in  liters  per  minute  is  based 
on  the  following  equations: 

Birds:  LPM  =  284  x  (BWT/1,000)-ZZ 

1,000 
Mammals:  LPM  =  379  x  (BWT/1 ,000)^0 

1,000 
Reptiles:  LPM  =  0.00334 
Amphibians:  LPM  =  0.007 
where: 

LPM  is  the  animal's  breathing  rate  in  liters  per 
minute 

BWT  is  the  animal's  body  weight  in  grams 

The  equations  for  birds  and  mammals  were  taken 
from  Lasiewski  and  Calder  (1971).  The  reptile  value 
is  from  Gordon  et  al.  (1968),  who  report  a  study  on 
the  collared  lizard.  The  breathing  rate  for  amphib- 
ians was  from  Hutchinson  et  al.  (1968).  As  antici- 
pated, the  animal  modeling  results  showed  inhala- 
tion exposures  to  be  only  a  small  fraction  of  each 
species'  total  dose. 


Dermal  Exposures.  Dermal  exposures  are  assumed 
to  come  from  two  sources:  (1)  directly  from  herbi- 
cide spray  at  the  deposition  rate  that  should  occur 
on  vegetation  leaf  surfaces  in  the  typical  case  and 
at  the  herbicide  application  rate  in  the  extreme  case, 

and  (2)  indirectly  by  contact  with  contaminated  vege- 
tation. 

Fur,  feathers,  and  scales  afford  varying  degrees  of 
protection  against  dermal  exposure;  by  preventing 
a  chemical  from  reaching  an  animal's  skin,  they  may 
allow  the  chemical  to  dry  or  to  be  rubbed  off  during 
movement.  For  this  reason,  the  dermal  penetration 
rate  for  each  herbicide  for  mammals  was  adjusted 
for  three  other  animal  classes— birds,  reptiles,  and 
amphibians.  Dermal  penetration  factors  were  multi- 
plied by  the  mammalian  penetration  rate  as  follows: 
(1)  birds,  0.75;  (2)  reptiles,  0.15;  and  (3)  amphibians, 
5.0.  The  amphibian  factor  is  high  because  the  moist, 
glandular  skin  of  the  amphibian  serves  to  a  large 
extent  as  a  respiratory  organ  and  is  much  more  per- 
meable than  the  skin  of  the  other  animal  classes  (30 
percent  (range  of  5  to  93  percent)  of  body  weight 
in  water  moves  through  skin  in  24  hours  according 
to  Moore  (1964). 

Wildlife  may  receive  indirect  dermal  exposure  by 
brushing  against  contaminated  vegetation.  The 
amount  transferred  would  depend  on  (1 )  the  density 
of  the  vegetation,  (2)  the  animal's  body  size  in  rela- 
tion to  the  height  of  the  vegetation,  and  (3)  the 
amount  of  the  animal's  movement. 


To  simplify  the  analysis,  it  was  assumed  that  a  cer- 
tain percentage  of  the  animal's  total  body  surface 
received  herbicide  at  the  same  level  as  the  direct 
dermal  exposure  (either  the  level  on  leaf  surfaces  in 
the  realistic  case  or  at  the  application  rate  in  the 
extreme  case).  That  percentage  was  based  on  the 
animal's  body  size  and  a  movement  factor  (MVF)  to 
adjust  for  the  taxonomic  class  (mammals,  for  exam- 
ple, are  expected  to  move  more  than  amphibians). 
The  animal's  total  body  surface  area  was  assumed 
to  be  a  function  of  its  weight  according  to  the  follow- 
ing formula  (Kendeigh  1970,  Schmidt-Nielsen  1972): 

BSA  =  10  x  (BWT)-667 

where: 

BSA  is  the  animal's  body  surface  area  in  square 
centimeters  (cm  ) 

BWT  is  the  animal's  body  weight  in  grams 

The  animal's  vegetation  contact  percent  (VCP)  is 
based  on  its  body  weight  in  grams  (BWT)  according 
to  the  following  formula: 

VCP  =  2.89(BWT)  "  0.10526 

The  class  adjustment  factors  (MVFs)  for  differing 
movement  are  as  follows:  (1)  birds,  0.8;  (2)  mam- 
mals, 1;  (3)  reptiles,  0.3;  and  (4)  amphibians,  0.4.  The 
indirect  dermal  dose  (IND)  is  then  calculated  using 
the  direct  dermal  dose  (DDD): 

IND  =  DDD  x  VCP  x  MVF 

Mammals  and  birds  groom  themselves  regularly 
and  may  receivean  ingestion  dose  if  theirfurorfeath- 
ers  are  contaminated.  The  percentage  of  their  body 
surface  groomed  (PBG)  was  assumed  to  be  a 
decreasing  function  of  their  body  size  according  to 
the  following  formula: 

PBG  =  1.72  (BWT)-°-29 

No  grooming  was  assumed  for  reptiles  and 
amphibians.  The  oral  dose  for  mammals  and  birds 
from  grooming  was  subtracted  from  the  amount  of 
herbicide  that  would  contribute  to  the  animal's  der- 
mal dose. 

Therefore,  the  typical  dermal  dose  was  calculated 
as  follows: 

Typical  dermal  dose  (mg/kg)  =  [[DDD(mg)  + 
IND(mg)]  xa  (1.00— PBG)  x  dermal  penetration 
rate]/BWT(kg) 

These  equations  are  mathematical  expressions  of 
the  relationship  assumed  by  the  preparers  of  this 
risk  assessment  between  body  weight  and  body  size, 
and  body  weight  and  metabolic  parameters. 


ingestion  Doses.  Each  representative  species  was 
assumed  to  feed  on  contaminated  food  items  accord- 
ing to  a  specified  diet  and  to  drink  a  specified 
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amount  of  water.  These  dietary  amounts  are  listed 
in  Table  E7-2.  Diets  may  vary  from  season  to  season 
and  across  the  species  range;  the  diet  items  and 
amounts  were  chosen  to  be  a  reasonable  represen- 
tation of  what  an  individual  animal  might  consume 
on  a  given  day.  The  diet  items— grass,  forage  vege- 
tation, seeds,  and  insects— are  assumed  to  have  the 
following  contamination  levels  in  ppm  from  ground 
application  based  on  field  studies  by  Hoerger  and 
Kenaga  (1972)  for  a  1 -lb/acre  application  rate: 


Diet  Item 

Grass 
Forage 
Seeds 
Insects 


Residue 
(ppm) 

92 

33 
3.2 
4.8 


In  the  typical  case,  animals  are  assumed  to  drink 
water  from  a  stream  offsite  that  reaches  a  concen- 


tration of  0.001267  ppm  per  pound  of  herbicide  ap- 
plied per  acre  for  aerially  applied  herbicides  and 
0.0003  ppm  for  ground-applied  herbicides.  In  the 
extreme  case,  water  reaches  a  concentration  of 
0.0068  ppm  for  aerially  applied  herbicides  and 
0.00063  ppm  for  ground-applied  herbicides.  Preda- 
tors that  feed  on  mice,  toads,  or  quail  are  assumed 
to  receive  the  total  body  burden  that  each  of  these 
prey  species  has  received  through  the  three  expo- 
sure routes  described  above  as  a  result  of  the  her- 
bicide spraying  operation.  Each  species  is  assumed 
to  consume  a  percentage  of  its  daily  intake  in  con- 
taminated food  items,  depending  on  its  body  size. 
The  percentages  of  food  contaminated  (PFC)  are 
based  on  the  following  formula: 

PFC  =  100  x  (1/BWT)0-2 

The  total  ingestion  dose  is  the  sum  of  the  doses 
received  from  contaminated  food,  contaminated 
water,  and  from  grooming. 


Representative 
Species 


Table  E7-2 
Representative  Wildlife  Species  Daily  Diet  Items 


Water 


Grass 


Seeds 


Insects 


Grass- 
hoppers 


Mouse 


Toad 


Quail 


Birds 

Lark  Bunting 

0.02 

— 

1 

Sage  Grouse 

0.10 

— 

— 

Bobwhite  Quail 

0.05 

— 

4 

American  Kestrel 

0.05 

— 

— 

Mammals 

Grasshopper  Mouse 

0.01 

1 

1 

Black-Tailed 

Jackrabbit 

0.05 

300 

— 

Pronghorn 

1 

2,763 

— 

Beef-Cow 

58 

11,250 

— 

Coyote 

0.80 

— 

— 

Reptiles 

Horned  Lizard 

0.01 

— 

— 

Yellow-Bellied  Racer 

0.01 

— 

— 

Amphibians 

Rocky  Mountain  Toad 

0.05 

2 
30 

10 


6 
40 
20 
20 


32 


40 

5 
6 


320 


340 


22 


Note:  Water  amount  in  liters;  food  items  in  grams. 
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AQUATIC  SPECIES 
EXPOSURES 

Representative  Aquatic  Species 

Representative  species  typical  of  aquatic  habitats 
in  the  West  are  given  in  Table  E8-22  in  the  next  sec- 
tion of  this  Appendix.  These  species  were  assumed 
to  be  exposed  by  immersion  to  estimated  concentra- 
tions of  the  19  herbicides  and  2  carriers  in  bodies 
of  water  with  specified  characteristics. 

Aquatic  Exposure  Estimates 

Exposure  was  assumed  to  occur  for  herbicides 
that  drift  offsite  from  aerial  rangeland  and  right-of- 


way  applications.  Typical  estimated  environmental 
concentrations  (EECs)  of  each  herbicide  were  com- 
puted for  a  body  of  water  one-fourth  acre  in  area  and 
1  feet  deep.  Typical  EECs  were  based  on  typical 
application  rates  and  a  distance  of  200  feet  from  the 
application  site  to  the  body  of  water.  EECs  for  kero- 
sene and  diesel  oil  were  based  on  the  amount  of  kero- 
sene and  diesel  oil  used  in  application  of  herbicide 
ester  formulations. 

To  assess  the  effects  of  accidents,  aquatic  EECs 
were  calculated  fora  direct  spray  at  the  highest  appli- 
cation rate  of  herbicide  onto  a  pond  and  a  spill  of 
an  80-gallon  helicopter  load  of  herbicide  mixture 
into  a  pond.  In  all  cases,  the  spill  into  the  pond 
results  in  higher  EECs  than  a  direct  spray.  The  expo- 
sure levels  from  the  typical  and  accident  EECs  are 
described  in  Section  E8  in  the  aquatic  species  risk 
analysis. 
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The  risk  analysis  considers  potential  wildlife  and 
aquatic  species  impacts  of  using  19  herbicides  and 
2  carriers  in  the  BLM  vegetation  treatment  program. 
Wildlife  and  aquatic  species  risk  from  vegetation 
management  with  herbicides  is  a  function  of  the 
inherent  toxicity  (hazard)  of  each  herbicide  to  differ- 
ent organisms  and  of  the  amount  of  each  chemical 
(exposure)  those  organisms  may  take  in  as  a  result 
of  a  vegetation  management  operation.  The  wildlife 
and  aquatic  species  risk  analysis  compares  esti- 
mated acute  exposures  of  representative  species 
determined  in  the  previous  section  with  acute  tox- 
icity levels  found  in  laboratory  studies.  Common  and 
scientific  names  for  the  representative  species  are 
listed  in  Appendix  G. 


WILDLIFE  RISK  ANALYSIS 
Wildlife  Risk  Analysis  Criteria 

For  wildlife  risks,  the  criteria  used  by  the  Environ- 
mental Protection  Agency  (EPA)  in  ecological  risk 
assessment  (EPA  1986)  were  used  to  judge  the  ab- 
solute risks  to  the  different  representative  species 
and  the  relative  risks  among  the  19  herbicides  and 
the  carriers  diesel  oil  and  kerosene.  EPA  criteria  call 
for  comparison  of  an  estimated  environmental  con- 
centration (EEC)  with  a  laboratory-determined  LD50 
for  the  most  closely  related  laboratory  test  species. 

Where  the  EEC  exceeds  1/5  LD50,  EPA  deems  it 
a  risk  that  may  be  mitigated  by  restricting  use  of  the 
pesticide.  EPA  judges  EECs  that  exceed  the  LD50  as 
unacceptable  risks.  Doses  below  the  1/5  LD50  level 
are  assumed  to  present  a  low  or  negligible  risk.  In 
this  risk  assessment,  an  organism's  total  estimated 
dose  (rather  than  an  EEC)  is  compared  with  the  lab- 
oratory toxicity  level  because  the  dose  comes  from 
all  exposure  routes,  not  just  feeding.  Risks  resulting 
from  exposures  that  exceed  1/5  LD50  are  termed 
"moderate,"  while  those  that  exceed  the  LD50  are 
classified  as  "significant." 

An  analysis  of  the  herbicide  risk  to  wildlife  com- 
pared estimated  acute  doses  for  the  representative 
wildlife  species  described  in  Section  E7  with  avail- 
able hazard  information  on  the  most  closely  related 
species  as  described  in  Section  E6.  Because  the  her- 
bicides examined  in  this  appendix  show  little  ten- 
dency to  bioaccumulate,  long-term  persistence  in 
food  chains  and  subsequent  toxic  effects,  such  as 
those  that  have  resulted  from  the  use  of  the  persis- 


tent organochlorides,  are  not  considered  a  problem 
and  are  not  examined  in  the  risk  analysis.  No  anal- 
ysis of  chronic  wildlife  dosing  was  done  because  the 
herbicides  degrade  relatively  rapidly  and  sites  are 
normally  treated  only  once  in  a  given  year. 


Wildlife  Toxicity  Surrogates 

Species  that  represent  the  wildlife  commonly 
found  in  the  vegetation  treatment  program  area  were 
identified,  and  the  doses  they  would  receive  from  ex- 
posure to  the  19  herbicides  and  diesel  oil  and  kero- 
sene were  calculated  in  Section  E7.  However,  in 
some  cases,  information  was  not  available  on  doses 
that  wou  Id  cause  toxicity  to  these  representative  spe- 
cies. Therefore,  it  was  necessary  to  select  a  closely 
related  species  for  which  toxicity  data  were  avail- 
able. For  example,  the  coyote  was  selected  as  a  com- 
mon carnivorous  mammal  in  the  Western  United 
States  but,  because  toxicity  data  were  not  available 
for  2,4-D  on  the  coyote,  the  dog  was  identified  as 
a  closely  related  species  and  data  for  it  were  used 
in  calculations. 


Surrogates  for  Avian  and  Mammalian 
Toxicity 

Toxicity  data  on  the  most  closely  related  avian  or 
mammalian  species  are  used  forthe  wildlife  risk  com- 
parisons. For  avian  species,  mallard  ducks  are  used 
only  when  no  data  on  an  upland  species,  such  as 
the  Japanese  quail  or  pheasant,  are  available.  Where 
no  data  on  a  mammalian  wildlife  species  (for  exam- 
ple, pronghorn)  are  available,  data  on  laboratory 
mammals  (such  as  rats,  mice,  or  dogs)  are  used. 


Surrogates  for  Amphibian  and  Reptile 
Toxicity 

In  testing  nearly  200  chemicals  on  terrestrial  ver- 
tebrate wildlife  species,  the  U.S.  Fish  and  Wildlife 
Service  (Hudson  et  al.  1984)  studied  the  effects  of 
17  pesticides  on  the  adult  bullfrog  and  the  mallard 
duck.  There  was  a  good  correlation  (r  =  0.67) 
between  the  LDsos  for  the  bullfrog  and  mallard  for 
the  tested  chemicals.  The  bullfrog  LD50S  were  higher 
in  12  of  the  17  cases,  often  by  more  than  an  order 
of  magnitude,  allowing  for  reasonable  and  conserva- 
tive use  of  the  mallard  data  to  estimate  risk  to  amphib- 
ians. 
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mental  contaminants  to  reptiles  (Hall  1980).  Most  of 
the  data  consisted  of  residue  levels  of  organochlo- 
rides  in  reptiles  after  field  applications.  There  were 
no  data  of  the  type  reported  in  the  above  amphibian 
studies  relating  dose  levels  to  lethality;  however,  the 
author  noted  that  avian  data  could  serve  as  a  guide 
for  reptile  toxicity  because  birds  were  closely  related 
to  reptiles  even  though,  in  general,  reptiles  appeared 
to  be  more  susceptible  to  pesticides  than  birds  or 
mammals. 

Thus,  for  the  herbicides  and  carriers  considered 
for  vegetation  treatment  in  this  environmental 
impact  statement,  suitable  data  are  lacking  forterres- 
trial  stages  of  amphibians  and  for  reptiles.  Because 
there  is  a  reasonable  correlation  between  avian  and 
amphibian  toxicity  as  indicated  in  the  mallard  vs. 
bullfrog  LD50  analysis  and  reason  to  suspect  a  sim- 
ilar relationship  between  avian  and  reptilian  toxicity 
as  noted  by  Hall  (1980),  available  avian  toxicity  data 
were  used  as  surrogates  for  both  amphibians  and 
reptiles. 

Wildlife  toxicity  reference  levels  used  to  assess  the 
risks  of  the  19  herbicides  and  2  carriers  are  given  at 
the  end  of  this  section  in  Tables  E8-1  through  E8-21 . 


Wildlife  Exposure  Analysis 

Tables  E8-1  through  E8-21  give  the  total  typical 
and  extreme  dose  estimates  for  the  1 4  representative 
wildlife  species  for  each  of  the  herbicides  and  car- 
riers being  evaluated  in  this  EIS.  Details  on  the  cal- 
culation of  these  exposures  are  presented  in  Section 
E7  of  this  appendix. 


Wildlife  Risk  Overview 

The  wildlife  risk  assessment  tends  to  overstate  the 
risks  because  many  of  theassumptionsarequitecon- 
servative.  For  example,  no  degradation  of  the  herbi- 
cides is  assumed  to  occur  and  all  herbicide  sprayed 
is  assumed  to  be  biologically  available.  Dermal  expo- 
sures are  assumed  to  come  both  directly  from  her- 
bicide spray  and  indirectly  from  brushing  up  against 
treated  vegetation.  This  accumulation  of  doses  from 
almost  every  conceivable  route  undoubtedly  overes- 
timates doses,  even  in  the  typical  case.  Neverthe- 
less, when  these  dose  estimates  do  exceed  the  EPA 
risk  criterion,  and  more  so  when  they  exceed  the 
LD50  for  the  most  closely  related  laboratory  species, 
there  is  a  clear  risk  of  adverse  effects  to  individual 
animals. 

In  general,  based  on  the  available  toxicity  data  and 
on  the  proposed  application  rates,  risks  to  wildlife 
are  low  for  most  of  the  herbicides.  Estimated  doses 


fortypical  rangeland  exposures  and  typical  rights-of- 
way  exposures  result  in  a  negligible  risk  from  all  her- 
bicides considered,  as  well  as  diesel  oil  and  kero- 
sene. The  application  rates  for  several  of  the 
herbicides  used  on  rights-of-way,  coupled  with 
extreme  exposure  estimates,  present  moderate  risks 
to  some  species.  However,  the  estimated  exposures 
exceed  the  LD50  only  under  extreme  assumptions  for 
lark  buntings  during  the  use  of  atrazine.  The  typical 
dose  estimates  are  below  the  EPA  risk  criterion  of 
one-fifth  LD50  and  are  far  below  the  laboratory  spe- 
cies LD50  in  most  cases. 

The  risks  of  the  individual  herbicides  are  dis- 
cussed below.  Literature  references  for  the  toxicity 
levels  in  laboratory  species  are  given  in  the  wildlife 
hazard  analysis.  Again,  it  must  be  noted  that  there 
are  very  few  toxicity  studies  on  which  to  base  these 
conclusions.  Avian  toxicity  data  are  particularly  rare 
for  most  of  the  herbicides.  Several  herbicides  had 
only  two  or  three  laboratory  animal  LD50  tests  to  use 
in  the  analysis.  However,  the  conservatism  used  in 
estimating  the  wildlife  doses  should  compensate  for 
much  of  the  uncertainty  in  the  toxicity  data  base. 


Wildlife  Risk  From  the  Individual 
Herbicides 

Even  using  worst  case  assumptions,  the  use  of  ami- 
trole,  chlorsulfuron,  dalapon,  glyphosate,  hexazi- 
none,  imazapyr,  mefluidide,  metsulfuron  methyl,  pic- 
loram,  sulfometuron  methyl,  diesel  oil,  or  kerosene 
is  not  expected  to  pose  unacceptable  risks  to  terres- 
trial wildlife. 

The  use  of  atrazine  on  rights-of-way  presents  a 
moderate  risk  of  adverse  effects  to  bobwhite  quail, 
black-tailed  jackrabbit,  American  kestrels,  grass- 
hopper mice,  and  Rocky  Mountain  toads  for  extreme 
exposures.  Extreme  exposures  on  rights-of-way 
result  in  a  significant  risk  for  lark  buntings. 

Bromacil,  clopyralid,  and  dicamba  result  in  mod- 
erate risks  to  lark  buntings  under  extreme  rights-of- 
way  assumptions.  2,4-D  presents  moderate  risks  for 
the  extreme  right-of-way  scenario  to  lark  buntings, 
American  kestrels,  grasshopper  mice,  and  Rocky 
Mountain  toads.  Extreme  rights-of-way  exposures 
to  diuron  present  moderate  risks  for  lark  buntings, 
grasshopper  mice,  and  Rocky  Mountain  toads.  Ex- 
treme rights-of-way  exposures  to  simazine  present 
moderate  risks  for  lark  buntings  and  grasshopper 
mice.  Extreme  rights-of-way  exposures  to  tebuthiu- 
ron  result  in  moderate  risks  to  lark  buntings,  grass- 
hopper mice,  and  black-tailed  jackrabbits.  Extreme 
rights-of-way  exposures  to  triclopyr  cause  a  moder- 
ate risk  to  grasshopper  mice. 

Local  populations  of  small  mammals,  small  birds, 
terrestrial     amphibians,    and     reptiles     may    be 
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adversely  affected  if  large  areas  are  treated;  how- 
ever, the  reproductive  capacity  of  these  species  is 
generally  high  enough  to  replace  the  few  lost  indi- 
viduals within  the  next  breeding  cycle.  Populations 
of  larger  mammals  and  birds  and  any  domestic  ani- 
mals present  are  not  likely  to  be  affected  at  all. 


AQUATIC  RISK  ANALYSIS 

The  risks  of  adverse  effects  from  exposure  to  her- 
bicides that  drift  offsite  from  aerial  rangeland  and 
rights-of-way  applications  were  estimated  for  the 
representative  aquatic  species  described  in  the  pre- 
vious section.  Risks  were  also  estimated  for  an  acci- 
dental direct  spray  of  a  pond  and  an  accidental  heli- 
copter jettison  of  its  entire  load  into  a  pond.  Acute 
toxicity  reference  values  (LCsos  or  EC50S)  used  in  the 
analysis  were  selected  for  the  representative  species 
from  the  summary  tables  presented  in  the  aquatic 
hazard  analysis  (Section  E6). 

Risks  were  calculated  for  four  aquatic  species  on 
which  toxicity  data  were  generally  available  for  the 
herbicides.  Trout  were  chosen  to  represent  cold- 
water  fish,  bluegills  to  represent  warm-water  fish, 
and  Daphnia  to  represent  aquatic  invertebrate  spe- 
cies. Risks  to  fathead  minnows  were  also  evaluated 
because  toxicity  information  was  generally  available 
on  this  species. 

To  estimate  the  risk  of  adverse  effects  occurring, 
the  selected  toxicity  reference  values  were  com- 
pared to  the  estimated  environmental  concentra- 
tions of  each  herbicide  for  a  body  of  water  one- 
fourth  acre  in  area  and  4  feet  deep.  The  toxicity 
reference  levels  and  the  EECs  for  each  of  the  19  her- 
bicides and  the  2  carriers  are  given  in  Table  E8-22 
at  the  end  of  this  section.  The  ratio  of  the  EEC  to 
the  LC50  (or  EC50)  is  named  the  quotient  value 
(Q-value).  Typical  EECs  were  based  on  typical  appli- 
cation rates  and  a  distance  of  200  feet  from  the  appli- 
cation site  to  the  body  of  water.  EECs  for  kerosene 
and  diesel  oil  were  based  on  the  amount  used  in 
application  of  herbicide  esters,  such  as  2,4-D  and 
triclopyr.  The  Q-values  were  compared  to  the  risk 
criteria  proposed  by  EPA  (1986),  where  the  risks  of 
adverse  effects  to  fish  or  invertebrates  are  estimated 
as  follows: 


Q-value 


Risk 


EEC/LC50  less  than  0.1       No  acute  risk 


EEC/LC50  greater  than 
or  equal  to  0.1 
and  less  than  0.5 

EEC/LC50  greater  than 
or  equal  to  0.5 


Moderate  risk; 
presumption  of  risk 
that  may  be  mitigated 

Significant  risk  of 
acute  effects 


Aquatic  Risk  Overview 

According  to  risk  calculations  for  realistic  (typi- 
cal) exposures,  risks  to  aquatic  species  are  low  for 
all  herbicides  proposed  for  use.  The  only  risk  iden- 
tified in  typical  cases  is  a  moderate  risk  posed  by  the 
use  of  kerosene  as  an  herbicide  carrier.  Use  of  appro- 
priate buffer  strips  along  bodies  of  water  and  avoid- 
ance of  spraying  on  windy  days  would  reduce  this 
risk.  No  adverse  effects  are  expected  on  the  aquatic 
ecosystem  as  a  whole.  Risks  from  accidental  direct 
spray  of  a  water  body  or  an  accidental  jettison  of  her- 
bicide mixture  into  a  water  body  are  significant,  but 
the  probability  of  either  event  occurring  is  low. 


Drift  Onto  a  Pond  at  Typical  Rangeland 
Application  Rates 

In  this  scenario,  the  only  risk  identified  is  a  mod- 
erate risk  to  trout  from  the  use  of  kerosene  as  a  car- 
rier for  herbicide  esters,  such  as  2,4-D  and  triclopyr. 

Drift  Onto  a  Pond  at  Typical 
Rights-of-Way  Application  Rates 

In  this  scenario,  kerosene  presents  a  moderate 
risk  to  trout. 


Accidental  Direct  Spray  of  Pond  at 
Highest  Application  Rate 

This  accident  scenario  presents  risks  to  aquatic 
species  from  several  herbicides.  There  would  be 
moderate  risks  to  bluegills  from  diuron  or  simazine, 
to  Daphnia  from  dalapon,  to  trout  and  fathead  min- 
nows from  atrazine,  and  to  fathead  minnows  and 
Daphnia  from  2,4-D.  Significant  risks  were  identified 
for  Daphnia  from  amitrole,  atrazine,  and  clopyralid; 
for  trout,  fathead  minnows,  and  Daphnia  from  sim- 
azine; and  for  trout,  bluegills,  and  pink  shrimp  from 
diesel  oil. 


Helicopter  Jettison  of  80  Gallons  of  Mix 
Into  a  Pond 

There  are  either  moderate  or  significant  risks  to 
all  species  from  most  of  the  herbicides  for  a  helicop- 
ter jettison  into  a  pond.  However,  the  probability  of 
this  type  of  accident  is  extremely  low. 
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POTENTIAL  EFFECTS  ON 
THREATENED  OR 
ENDANGERED  SPECIES 

Federal  policies  and  procedures  for  protecting 
threatened  and  endangered  species  offish,  wildlife, 
and  plants  were  established  by  the  Endangered  Spe- 
cies Act  of  1973  (16  U.S.C.  1531  et  seq.)  and  regu- 
lations issued  pursuant  to  the  act.  The  purposes  of 
the  act  are  to  provide  mechanisms  for  conservation 


of  threatened  and  endangered  species  and  the  hab- 
itats upon  which  they  depend,  and  to  achieve  the 
goals  of  international  treaties  and  conventions 
related  to  endangered  species.  Under  the  act,  the 
Secretary  of  the  Interior  is  required  to  determine 
which  species  are  threatened  or  endangered  and  to 
issue  regulations  for  the  protection  of  those  species. 

Risks  to  endangered  species  will  be  analyzed  at 
a  site-specific  level.  These  analyses  will  be  based, 
in  part,  on  the  results  of  the  risk  estimates  for  the 
representative  species  examined  in  this  risk  assess- 
ment. 


Table  E8-1 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Amitrole  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

Mammals 

14.9 
1.02 
4.70 
5.60 

29.9 
2.04 
9.41 

11.2 

248 
21.5 
86.3 

104 

400 
400 
400 
400 

2,000 
2,000 
2,000 
2,000 

Mallard 
Mallard 
Mallard 
Mallard 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

20.5 
6.34 
1.87 
0.462 

41.0 

12.7 
3.73 
0.923 

279 
43.0 
11.4 
7.97 

3,000 

2,000 

2,000 

350 

15,000 

10,000 

10,000 

1,750 

Mouse 
Rabbit 
Rabbit 
Cat 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

1.10 
0.109 

2.19 
0.218 

8.46 
1.82 

400 
400 

2,000 
2,000 

Mallard 
Mallard 

Amphibian 

Rocky  Mountain  Toad 

1.84 

3.68 

25.0 

400 

2,000 

Mallard 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

0.522 
0.993 
0.251 

1.04 
1.99 
0.503 

3.15 
18.7 
5.76 

2,000 
400 
350 

10,000 

greater  than  2,000 

1,750 

Rabbit 

Chicken 

Cat 

Note:  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole 
is  no  longer  considered  for  proposed  use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision. 
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Table  E8-2 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Atrazine  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

RIght-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

7.76 
0.630 
2.58 
3.04 

77.6 
6.30 
25.8 
30.4 

1,040 
109 
384 
457 

188 
400 
188 
188 

940 

greater  than  2,000 

940 

940 

Bobwhite 
Pheasant 
Bobwhite 
Bobwhite 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

10.7 
3.31 
0.988 
0.317 

107 
33.1 
9.88 
3.17 

1,180 
198 
56.4 
48.2 

350 
134 
134 
134 

1,750 
672 
672 
672 

Mouse 
Rat 
Rat 
Rat 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

1.42 
0.372 

14.2 
3.72 

179 
66.6 

188 
188 

940 
940 

Bobwhite 
Bobwhite 

Amphibian 

Rocky  Mountain  Toad 

5.82 

58.2 

873 

188 

940 

Bobwhite 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

0.287 
0.607 
0.208 

2.87 
6.07 
2.08 

17.8 
95.8 
38.8 

134 
188 
134 

672 
940 
672 

Rat 

Bobwhite 

Rat 

Table  E8-3 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Bromacil  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

N/A 
N/A 
N/A 
N/A 

62.1 
5.04 
20.6 
24.3 

416 
43.5 
154 
183 

350 
350 
350 
350 

greater  than  1,750 
greater  than  1,750 
greater  than  1,750 
greater  than  1,750 

Bobwhite 
Bobwhite 
Bobwhite 
Bobwhite 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

N/A 
N/A 
N/A 
N/A 

85.4 
26.5 
7.90 
2.53 

472 
79.3 
22.6 
19.3 

800 
800 
800 
800 

3,998 
3,998 
3,998 
3,998 

Rat 
Rat 
Rat 
Rat 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

N/A 
N/A 

11.3 
2.97 

71.8 
26.6 

350 
350 

greater  than  1,750 
greater  than  1,750 

Bobwhite 
Bobwhite 

Amphibian 

Rocky  Mountain  Toad 

N/A 

46.6 

349 

350 

greater  than  1,750 

Bobwhite 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

N/A 
N/A 
N/A 

2.29 
4.85 
1.67 

7.13 
38.3 
15.5 

800 
350 
800 

3,998 

greater  than  1,750 

3,998 

Rat 

Bobwhite 

Rat 

N/A:  Not  applicable;  herbicide  not  used  on  rangeland. 
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Table  E8-4 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Chlorsulfuron  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDsa 

LDS0 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

0.97 

1.09 

3.64 

1,000 

greater  than  5,000 

Bobwhite 

Sage  Grouse 

0.0787 

0.0882 

0.380 

1,000 

greater  than  5,000 

Bobwhite 

Bobwhite  Quail 

0.322 

0.361 

1.35 

1,000 

greater  than  5,000 

Bobwhite 

American  Kestrel 

0.380 

0.426 

1.60 

1,000 

greater  than  5,000 

Bobwhite 

Mammals 

Grasshopper  Mouse 

1.33 

1.49 

4.13 

1,109 

5,545 
5,545 

Rat 

Black-tailed  Jackrabbit 

0.414 

0.463 

0.694 

1,109 

Rat 

Pronghorn 

0.123 

0.138 

0.198 

1,109 

5,545 

Rat 

Coyote 

0.0396 

0.0443 

0.169 

1,109 

5,545 

Rat 

Reptiles 

Horned  Lizard 

0.177 

0.198 

0.628 

1,000 

greater  than  5,000 

Bobwhite 

Yellow-Bellied  Racer 

0.0465 

0.0520 

0.233 

1,000 

greater  than  5,000 

Bobwhite 

Amphibian 

Rocky  Mountain  Toad 

0.728 

0.815 

3.06 

1,000 

greater  than  5,000 

Bobwhite 

Domestic  Animals 

Beef  Cow 

0.0358 

0.0401 

0.0624 

1,109 

5,545 

Rat 

Chicken 

0.0758 

0.0849 

0.335 

1,000 

greater  than  5,000 

Bobwhite 

Dog 

0.0261 

0.0292 

0.136 

1,109 

5,545 

Rat 

Table  E8-5 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Clopyralid  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

3.88 

93.1 

312 

293 

1,465 

Duck 

Sage  Grouse 

0.315 

7.56 

32.6 

293 

1,465 

Duck 

Bobwhite  Quail 

1.29 

30.9 

115 

293 

1,465 

Duck 

American  Kestrel 

1.52 

36.5 

137 

293 

1,465 

Duck 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 

5.34 
1.65 

128 
39.7 

354 
59.5 

1,000 
860 

greater  than  5,000 
greater  than  4,300 

Mouse 
Rat 

Pronghorn 

0.494 

11.9 

16.9 

860 

greater  than  4,300 

Rat 

Coyote 

0.158 

3.80 

14.5 

860 

greater  than  4,300 

Rat 

Reptiles 

Horned  Lizard 

0.708 

17.0 

53.8 

293 

1,465 

Duck 

Yellow-Bellied  Racer 

0.186 

4.46 

20.0 

293 

1,465 

Duck 

Amphibian 

Rocky  Mountain  Toad 

2.91 

69.8 

262 

293 

1,465 

Duck 

Domestic  Animals 

Beef  Cow 

0.143 

3.44 

5.35 

860 

greater  than  4,300 

Rat 

Chicken 

0.303 

7.28 

28.7 

293 

1,465 

Duck 

Dog 

0.104 

2.50 

11.6 

860 

greater  than  4,300 

Rat 
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Table  E8-6 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  2,4-D  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

30.5 

30.5 

102 

40 

200 

Chukar 

Sage  Grouse 

2.30 

2.30 

9.91 

40 

200 

Chukar 

Bobwhite  Quail 

9.90 

9.90 

36.8 

134 

668 

Quail 

American  Kestrel 

11.7 

11.7 

44.1 

40 

200 

Chukar 

Mammals 

Grasshopper  Mouse 

42.0 

42.0 

116 

74 

368 

Mouse 

Black-tailed  Jackrabbit 

13.0 

13.0 

18.7 

85 

424 

Rabbit 

Pronghorn 

3.85 

3.85 

5.18 

30 

400 

Mule  deer 

Coyote 

1.11 

1.11 

4.11 

20 

100 

Dog 

Reptiles 

Horned  Lizard 

4.12 

4.12 

11.5 

40 

200 

Chukar 

Yellow-Bellied  Racer 

0.923 

0.923 

4.03 

40 

200 

Chukar 

Amphibian 

Rocky  Mountain  Toad 

14.6 

14.6 

53.0 

40 

200 

Chukar 

Domestic  Animals 

Beef  Cow 

1.10 

1.10 

1.56 

20 

100 

Cattle 

Chicken 

2.23 

2.23 

8.69 

108 

541 

Chicken 

Dog 

0.686 

0.686 

3.19 

20 

100 

Dog 

Table  E8-7 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Dalapon  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

23.3 

31.0 

572 

1,132 

5,660 

Chicken 

Sage  Grouse 

1.89 

2.52 

59.8 

1,132 

5,660 

Chicken 

Bobwhite  Quail 

7.73 

10.3 

211 

1,132 

5,600 

Chicken 

American  Kestrel 

9.12 

12.2 

252 

1,132 

5,660 

Chicken 

Mammals 

Grasshopper  Mouse 

32.0 

42.7 

650 

920 

4,600 

Mouse 

Black-tailed  Jackrabbit 

9.92 

13.2 

109 

772 

3,860 

Rabbit 

Pronghorn 

2.96 

3.95 

31.0 

1,514 

7,570 

Rat 

Coyote 

0.950 

1.27 

26.5 

1,514 

7,570 

Rat 

Reptiles 

Horned  Lizard 

4.25 

5.66 

98.7 

1,132 

5,660 

Chicken 

Yellow-Bellied  Racer 

1.12 

1.49 

36.6 

1,132 

5,660 

Chicken 

Amphibian 

Rocky  Mountain  Toad 

17.5 

23.3 

480 

1,132 

5,660 

Chicken 

Domestic  Animals 

Beef  Cow 

0.860 

1.15 

9.80 

772 

3,860 

Guinea  Pig 

Chicken 

1.82 

2.43 

52.7 

1,132 

5,660 

Chicken 

Dog 

0.625 

0.834 

21.4 

772 

3,860 

Guinea  Pig 

Note:  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations  registered  for  proposed 
use.  Therefore,  dalapon  is  no  longer  considered  for  use. 
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Table  E8-8 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Dicamba  to  Toxicity  Reference  Levels 


Doses 

(mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

30.4 

30.4 

204 

135 

673 

Pheasant 

Sage  Grouse 

2.25 

2.25 

19.3 

135 

673 

Pheasant 

Bobwhite  Quail 

9.80 

9.80 

72.9 

350 

greater  than  1,750 

Bobwhite 

American  Kestrel 

11.6 

11.6 

87.3 

135 

673 

Pheasant 

Mammals 

Grasshopper  Mouse 

41.8 

41.8 

230 

238 

1,189 

Mouse 

Black-tailed  Jackrabbit 

12.9 

12.9 

36.9 

113 

566 

Rabbit 

Pronghorn 

3.83 

3.83 

10.1 

151 

757 

Rat 

Coyote 

1.08 

1.08 

7.87 

151 

757 

Rat 

Reptiles 

Horned  Lizard 

3.73 

3.73 

19.7 

135 

673 

Pheasant 

Yellow-Bellied  Racer 

0.782 

0.782 

6.73 

135 

673 

Pheasant 

Amphibian 

Rocky  Mountain  Toad 

12.4 

12.4 

88.8 

135 

673 

Pheasant 

Domestic  Animals 

Beef  Cow 

1.09 

1.09 

3.00 

151 

757 

Rat 

Chicken 

2.18 

2.18 

16.9 

135 

673 

Pheasant 

Dog 

0.650 

0.650 

6.04 

151 

757 

Rat 

Table  E8-9 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Diuron  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

RIght-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

N/A 

31.0 

832 

400 

greater  than  2,000 

Mallard 

Sage  Grouse 

N/A 

2.52 

86.9 

400 

greater  than  2,000 

Mallard 

Bobwhite  Quail 

N/A 

10.3 

307 

400 

greater  than  2,000 

Mallard 

American  Kestrel 

N/A 

12.2 

366 

400 

greater  than  2,000 

Mallard 

Mammals 

Grasshopper  Mouse 

N/A 

42.7 

945 

680 

3,400 

Rat 

Black-tailed  Jackrabbit 

N/A 

13.2 

159 

680 

3,400 

Rat 

Pronghorn 

N/A 

3.95 

45.2 

680 

3,400 

Rat 

Coyote 

N/A 

1.27 

38.6 

680 

3,400 

Rat 

Reptiles 

Horned  Lizard 

N/A 

5.66 

144 

400 

greater  than  2,000 

Mallard 

Yellow-Bellied  Racer 

N/A 

1.49 

53.3 

400 

greater  than  2,000 

Mallard 

Amphibian 

Rocky  Mountain  Toad 

N/A 

23.3 

699 

400 

greater  than  2,000 

Mallard 

Domestic  Animals 

Beef  Cow 

N/A 

1.15 

14.3 

680 

3,400 

Rat 

Chicken 

N/A 

2.43 

76.6 

400 

greater  than  2,000 

Mallard 

Dog 

N/A 

0.834 

31.1 

680 

3,400 

Rat 

N/A:  Not  applicable;  herbicide  not  used  on  rangeland. 
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Table  E8-10 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Glyphosate  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Rfght-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

15.5 

30.4 

103 

400 

greater  than  2,000 

Quail 

Sage  Grouse 

1.26 

2.46 

10.8 

400 

greater  than  2,000 

Quail 

Bobwhite  Quail 

5.15 

9.47 

37.6 

400 

greater  than  2,000 

Quail 

American  Kestrel 

6.08 

12.1 

45.7 

400 

greater  than  2,000 

Quail 

Mammals 

Grasshopper  Mouse 

21.4 

34.5 

110 

864 

4,320 

Rat 

Black-tailed  Jackrabbit 

6.62 

1.90 

8.50 

760 

3,800 

Rabbit 

Pronghorn 

1.98 

0.451 

2.14 

864 

4,320 

Rat 

Coyote 

0.633 

1.01 

4.57 

864 

4,320 

Rat 

Reptiles 

Horned  Lizard 

2.83 

4.83 

17.1 

400 

greater  than  2,000 

Quail 

Yellow-Bellied  Racer 

0.744 

1.45 

6.63 

400 

greater  than  2,000 

Quail 

Amphibian 

Rocky  Mountain  Toad 

11.6 

22.2 

86.3 

400 

greater  than  2,000 

Quail 

Domestic  Animals 

Beef  Cow 

0.573 

0.166 

0.801 

760 

3,800 

Rabbit 

Chicken 

1.21 

2.03 

9.18 

400 

greater  than  2,000 

Quail 

Dog 

0.417 

0.832 

3.88 

760 

3,800 

Rabbit 

Table  E8-11 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Hexazinone  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

RIght-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

5.20 

15.5 

281 

452 

2,258 

Bobwhite 

Sage  Grouse 

0.422 

1.26 

29.3 

452 

2,258 

Bobwhite 

Bobwhite  Quail 

1.73 

5.15 

104 

452 

2,258 

Bobwhite 

American  Kestrel 

2.04 

6.08 

123 

452 

2,258 

Bobwhite 

Mammals 

Grasshopper  Mouse 

7.15 

21.4 

319 

338 

1,690 

Rat 

Black-tailed  Jackrabbit 

2.22 

6.62 

53.5 

172 

860 

Guinea  Pig 

Pronghorn 

0.662 

1.98 

15.2 

172 

860 

Guinea  Pig 

Coyote 

0.212 

0.633 

13.0 

172 

860 

Guinea  Pig 

Reptiles 

Horned  Lizard 

0.949 

2.83 

48.4 

452 

2,258 

Bobwhite 

Yellow-Bellied  Racer 

0.249 

0.744 

18.0 

452 

2,258 

Bobwhite 

Amphibian 

Rocky  Mountain  Toad 

3.90 

11.6 

236 

452 

2,258 

Bobwhite 

Domestic  Animals 

Beef  Cow 

0.192 

0.573 

4.81 

172 

860 

Guinea  Pig 

Chicken 

0.406 

1.21 

25.9 

452 

2,258 

Bobwhite 

Dog 

0.140 

0.417 

10.5 

172 

860 

Guinea  Pig 
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Table  E8-12 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Imazapyr  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

7.76 
0.630 
2.58 
3.04 

11.6 
0.945 
3.86 
4.56 

39.0 
4.08 
14.4 
17.1 

430 
430 
430 
430 

greater  than  2,150 
greater  than  2,150 
greater  than  2,150 
greater  than  2,150 

Bobwhite 
Bobwhite 
Bobwhite 
Bobwhite 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

10.7 
3.31 
0.998 
0.317 

16.0 
4.96 
1.48 
0.475 

44.3 
7.44 
2.12 
1.81 

400 
960 
400 
400 

greater  than  2,000 
greater  than  4,800 
greater  than  2,000 
greater  than  2,000 

Mouse 
Rabbit 
Mouse 
Mouse 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

1.42 
0.372 

2.12 
0.558 

6.73 
2.50 

430 
430 

greater  than  2,150 
greater  than  2,150 

Bobwhite 
Bobwhite 

Amphibian 

Rocky  Mountain  Toad 

5.82 

8.73 

32.8 

430 

greater  than  2,150 

Bobwhite 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

0.287 
0.607 
0.208 

0.430 
0.910 
0.313 

0.668 

3.59 

1.46 

400 
430 
400 

greater  than  2,000 
greater  than  2,150 
greater  than  2,000 

Mouse 

Bobwhite 

Mouse 

Table  E8-13 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Mefluidide  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

N/A 
N/A 
N/A 
N/A 

1.94 
0.157 
0.644 
0.760 

6.50 
0.679 
2.40 
2.86 

928 
928 
928 
928 

greater  than  4,640 
greater  than  4,640 
greater  than  4,640 
greater  than  4,640 

Mallard 
Mallard 
Mallard 
Mallard 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

N/A 
N/A 
N/A 
N/A 

2.67 
0.827 
0.247 
0.0792 

7.38 
1.24 
0.353 
0.302 

384 
384 
384 
384 

1,920 
1,920 
1,920 
1,920 

Mouse 
Mouse 
Mouse 
Mouse 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

N/A 
N/A 

0.354 
0.0929 

1.12 
0.416 

928 
928 

greater  than  4,640 
greater  than  4,640 

Mallard 
Mallard 

Amphibian 

Rocky  Mountain  Toad 

N/A 

1.46 

5.46 

928 

greater  than  4,640 

Mallard 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

N/A 
N/A 
N/A 

0.0717 

0.152 

0.0521 

0.111 
0.599 
0.243 

384 
928 
384 

1,920 

greater  than  4,640 

1,920 

Mouse 

Mallard 

Mouse 

N/A:  Not  applicable;  herbicide  not  used  on  rangeland. 
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Table  E8-14 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Metsulfuron  Methyl  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LD50 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

N/A 

0.582 

1.95 

502 

greater  than  2,510 

Mallard 

Sage  Grouse 

N/A 

0.0472 

0.204 

502 

greater  than  2,510 

Mallard 

Bobwhite  Quail 

N/A 

0.193 

0.721 

502 

greater  than  2,510 

Mallard 

American  Kestrel 

N/A 

0.228 

0.857 

502 

greater  than  2,510 

Mallard 

Mammals 

Grasshopper  Mouse 

N/A 

0.801 

2.21 

1,000 

greater  than  5,000 

Rat 

Black-tailed  Jackrabbit 

N/A 

0.248 

0.372 

1,000 

5,000 

Rat 

Pronghorn 

N/A 

0.0741 

0.106 

1,000 

greater  than  5,000 

Rat 

Coyote 

N/A 

0.0238 

0.0905 

1,000 

greater  than  5,000 

Rat 

Reptiles 

Horned  Lizard 

N/A 

0.106 

0.336 

502 

greater  than  2,510 

Mallard 

Yellow-Bellied  Racer 

N/A 

0.0279 

0.125 

502 

greater  than  2,510 

Mallard 

Amphibian 

Rocky  Mountain  Toad 

N/A 

0.437 

1.64 

502 

greater  than  2,510 

Mallard 

Domestic  Animals 

Beef  Cow 

N/A 

0.0215 

0.0334 

1,000 

greater  than  5,000 

Rat 

Chicken 

N/A 

0.0455 

0.180 

502 

greater  than  2,510 

Mallard 

Dog 

N/A 

0.0156 

0.0728 

1,000 

greater  than  5,000 

Rat 

N/A:  Not  applicable;  herbicide  not  used  on  rangeland. 

Table  E8-15 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Picloram  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

14.9 

22.3 

74.7 

400 

greater  than  2,000 

Pheasant 

Sage  Grouse 

0.992 

1.49 

6.35 

400 

greater  than  2,000 

Pheasant 

Bobwhite  Quail 

4.65 

6.98 

25.9 

400 

greater  than  2,000 

Pheasant 

American  Kestrel 

5.55 

8.32 

31.2 

400 

greater  than  2,000 

Pheasant 

Mammals 

Grasshopper  Mouse 

20.4 

30.6 

84.0 

400 

2,000 

Mouse 

Black-tailed  Jackrabbit 

6.31 

9.47 

12.8 

400 

2,000 

Rabbit 

Pronghorn 

1.85 

2.78 

3.36 

144 

greater  than  720 

Sheep 
Mouse 

Coyote 

0.443 

0.664 

2.28 

400 

2,000 

Reptiles 

Horned  Lizard 

0.903 

1.36 

1.36 

400 

greater  than  2,000 

Pheasant 

Yellow-Bellied  Racer 

0.0389 

0.0583 

0.0602 

400 

greater  than  2,000 

Pheasant 

Amphibian 

Rocky  Mountain  Toad 

0.755 

1.13 

1.16 

400 

greater  than  2,000 

Pheasant 

Domestic  Animals 

Beef  Cow 

0.516 

0.774 

0.913 

144 

greater  than  720 

Sheep 

Chicken 

0.968 

1.45 

5.51 

400 

greater  than  2,000 

Pheasant 

Dog 

0.233 

0.349 

1.62 

400 

2,000 

Mouse 
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Table  E8-16 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Simazine  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

31.0 
2.52 
10.3 
12.2 

31.0 
2.52 
10.3 
12.2 

1,040 
109 
384 
457 

928 
928 
928 
928 

greater  than  4,640 
greater  than  4,640 
greater  than  4,640 
greater  than  4,640 

Mallard 
Mallard 
Mallard 
Mallard 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

42.7 
13.2 
3.95 
1.27 

42.7 
13.2 
3.95 
1.27 

1,180 
198 
56.4 
48.2 

1,000 
1,000 
1,000 
1,000 

greater  than  5,000 
greater  than  5,000 
greater  than  5,000 
greater  than  5,000 

Mouse 
Rabbit 
Mouse 
Mouse 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

5.66 
1.49 

5.66 
1.49 

179 
66.6 

928 
928 

greater  than  4,640 
greater  than  4,640 

Mallard 
Mallard 

Amphibian 

Rocky  Mountain  Toad 

23.3 

23.3 

873 

928 

greater  than  4,640 

Mallard 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

1.15 
2.43 
0.834 

1.15 
2.43 
0.834 

17.8 
95.8 
38.8 

1,000 

928 

1,000 

greater  than  5,000 
greater  than  4,640 
greater  than  5,000 

Mouse 

Mallard 

Mouse 

Table  E8-17 

isk  Comparison  of  Estimated  Wildlife  Doses  From  Sulfometuron  Methyl  to  Toxicity  Reference 

Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

N/A 
N/A 
N/A 
N/A 

4.34 
0.353 
1.44 
1.70 

14.6 
1.52 
5.38 
6.40 

1,000 
1,000 
1,000 
1,000 

greater  than  5,000 
greater  than  5,000 
greater  than  5,000 
greater  than  5,000 

Mallard 
Mallard 
Mallard 
Mallard 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

N/A 
N/A 
N/A 
N/A 

5.98 
1.85 
0.553 
0.177 

16.5 
2.78 
0.790 
0.675 

1,000 
1,000 
1,000 
1,000 

greater  than  5,000 
greater  than  5,000 
greater  than  5,000 
greater  than  5,000 

Rat 
Rat 
Rat 
Rat 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

N/A 
N/A 

0.793 
0.208 

2.51 
0.932 

1,000 
1,000 

greater  than  5,000 
greater  than  5,000 

Mallard 
Mallard 

Amphibian 

Rocky  Mountain  Toad 

N/A 

3.26 

12.2 

1,000 

greater  than  5,000 

Mallard 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

N/A 
N/A 
N/A 

0.161 
0.340 
0.117 

0.249 

1.34 

0.544 

1,000 
1,000 
1,000 

greater  than  5,000 
greater  than  5,000 
greater  than  5,000 

Rat 

Mallard 

Rat 

N/A:  Not  applicable;  herbicide  not  used  on  rangeland. 
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Table  E8-18 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Tebuthiuron  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

3.88 

11.6 

416 

100 

greater  than  500 

Bobwhite 

Sage  Grouse 

0.315 

0.945 

43.5 

100 

greater  than  500 

Bobwhite 

Bobwhite  Quail 

1.29 

3.86 

154 

100 

greater  than  500 

Bobwhite 

American  Kestrel 

1.52 

4.56 

183 

100 

greater  than  500 

Bobwhite 

Mammals 

Grasshopper  Mouse 

5.34 

16.0 

472 

106 

greater  than  528 

Mouse 

Black-tailed  Jackrabbit 

1.65 

4.96 

79.3 

57 

286 

Rabbit 

Pronghorn 

0.494 

1.48 

22.6 

106 

greater  than  528 

Mouse 

Coyote 

0.158 

0.475 

19.3 

100 

greater  than  500 

Dog 

Reptiles 

Horned  Lizard 

0.708 

2.12 

71.8 

400 

greater  than  2,000 

Bobwhite 

Yellow-Bellied  Racer 

0.186 

0.558 

26.6 

400 

greater  than  2,000 

Bobwhite 

Amphibian 

Rocky  Mountain  Toad 

2.91 

8.73 

349 

400 

greater  than  2,000 

Bobwhite 

Domestic  Animals 

Beef  Cow 

0.143 

0.430 

7.13 

106 

greater  than  528 

Mouse 

Chicken 

0.303 

0.910 

38.3 

100 

greater  than  500 

Chicken 

Dog 

0.104 

0.313 

15.5 

100 

greater  than  500 

Dog 

Table  E8-19 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Triclopyr  to  Toxicity  Reference  Levels 


Doses 

(mg/kg) 

1/5  LDso 

LDso 

Representative 

Rangeland 

Right-of-Way 

Right-of-Way 

Reference 

Species 

Typical 

Typical 

Extreme 

(mg/kg) 

(mg/kg) 

Species 

Birds 

Lark  Bunting 

11.6 

30.4 

207 

340 

1698 

Mallard 

Sage  Grouse 

0.945 

2.46 

21.6 

340 

1698 

Mallard 

Bobwhite  Quail 

3.86 

9.47 

75.2 

340 

1698 

Mallard 

American  Kestrel 

4.56 

12.1 

91.4 

340 

1698 

Mallard 

Mammals 

Grasshopper  Mouse 

16.0 

34.5 

220 

94 

471 

Mouse 

Black-tailed  Jackrabbit 

4.96 

1.90 

17.0 

110 

550 

Rabbit 

Pronghorn 

1.48 

0.451 

4.29 

62 

310 

Guinea  Pig 

Coyote 

0.475 

1.01 

9.14 

62 

310 

Guinea  Pig 

Reptiles 

Horned  Lizard 

2.12 

4.83 

34.2 

340 

1698 

Mallard 

Yellow-Bellied  Racer 

0.558 

1.45 

13.3 

340 

1698 

Mallard 

Amphibian 

Rocky  Mountain  Toad 

8.73 

22.2 

173 

340 

1698 

Mallard 

Domestic  Animals 

Beef  Cow 

0.430 

0.166 

1.60 

62 

310 

Guinea  Pig 

Chicken 

0.910 

2.03 

18.4 

340 

1698 

Mallard 

Dog 

0.313 

0.832 

7.76 

62 

310 

Guinea  Pig 
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Table  E8-20 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Diesel  Oil  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

16.5 
1.66 
5.89 
6.88 

16.5 
1.66 
5.89 
6.88 

55.3 
7.24 
22.2 
26.0 

3,280 
3,280 
3,280 
3,280 

greater  than  16,400 
greater  than  16,400 
greater  than  16,400 
greater  than  16,400 

Mallard 
Mallard 
Mallard 
Mallard 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

22.8 
7.07 
2.16 
0.920 

22.8 
7.07 
2.16 
0.920 

63.6 
12.0 
3.70 
3.75 

1,476 
1,476 
1,476 
1,476 

greater  than  7,380 
greater  than  7,380 
greater  than  7,380 
greater  than  7,380 

Rat 
Rat 
Rat 
Rat 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

5.73 
1.80 

5.73 
1.80 

21.1 
8.26 

3,280 
3,280 

greater  than  16,400 
greater  than  16,400 

Mallard 
Mallard 

Amphibian 

Rocky  Mountain  Toad 

28.0 

28.0 

108 

3,280 

greater  than  16,400 

Mallard 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

0.660 

1.58 

0.693 

0.660 

1.58 

0.693 

1.31 
6.46 
3.24 

1,476 
3,280 
1,476 

greater  than  7,380 

greater  than  16,400 

greater  than  7,380 

Rat 

Mallard 

Rat 

Table  E8-21 
Risk  Comparison  of  Estimated  Wildlife  Doses  From  Kerosene  to  Toxicity  Reference  Levels 


Doses  (mg/kg) 

1/5  LDso 
(mg/kg) 

LDso 
(mg/kg) 

Representative 
Species 

Rangeland 
Typical 

Right-of-Way 
Typical 

Right-of-Way 
Extreme 

Reference 
Species 

Birds 

Lark  Bunting 
Sage  Grouse 
Bobwhite  Quail 
American  Kestrel 

16.5 
1.66 
5.89 
6.88 

16.5 
1.66 
5.89 
6.88 

55.3 
7.24 
22.2 
26.0 

3,280 
3,280 
3,280 
3,280 

greater  than  16,400 
greater  than  16,400 
greater  than  16,400 
greater  than  16,400 

Mallard 
Mallard 
Mallard 
Mallard 

Mammals 

Grasshopper  Mouse 
Black-tailed  Jackrabbit 
Pronghorn 
Coyote 

22.8 
7.07 
2.16 
0.920 

22.8 
7.07 
2.16 
0.920 

63.6 
12.0 
3.70 
3.75 

5,600 
5,600 
5,600 
5,600 

greater  than  28,000 
greater  than  28,000 
greater  than  28,000 
greater  than  28,000 

Rat 
Rat 
Rat 
Rat 

Reptiles 

Horned  Lizard 
Yellow-Bellied  Racer 

5.73 
1.80 

5.73 
1.80 

21.1 
8.26 

3,280 
3,280 

greater  than  16,400 
greater  than  16,400 

Mallard 
Mallard 

Amphibian 

Rocky  Mountain  Toad 

28.0 

28.0 

108 

3,280 

greater  than  16,400 

Mallard 

Domestic  Animals 

Beef  Cow 

Chicken 

Dog 

0.660 

1.58 

0.693 

0.660 

1.58 

0.693 

1.31 
6.46 
3.24 

5,600 
3,280 
5,600 

greater  than  28,000 
greater  than  16,400 
greater  than  28,000 

Rat 

Mallard 

Rat 
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Table  E8-22 
Risks  to  Aquatic  Species 


Toxicity  Values  (mg/L) 

Estimated  Environmental  Concentrations 

(mg/L) 

1/10  LCso  (1/2  LCso) 

Rangeiand 

Accidental 

Drift  on 

Rights-of-Way 

Direct 

Helicopter 

Aquatic 

Pond, 

Drift  on  Pond, 

Spray  of 

Jettison 

Fathead 

Inverte- 

CO 

III 
o 

H 
5 

Herbicide 

Typical 

Typical 

Pond 

into  Pond 

Trout 

Bluegill 

Minnow 

brate1 

Amitrole 

0.01312 

0.01312 

3.64 

47.2 

325 

120 

10  (50) 

0.143 

(1,625)2 

(600) 

(0.715) 

z 

Atrazine 

0.00656 

0.02624 

14.72 

47.2 

2.4(12) 

4.2(21) 

1 .5  (7.5) 

0.115 
(0.575) 

m 

09 

Bromacil 

3 

0.0524 

5.88 

23.5 

7.5  (37.5) 

7.1  (35.5) 

N/A 

4.0  (20) 

1 

Chlorsulfuron 

3 

0.000924 

0.0516 

235.2 

25  (125) 

25  (125) 

N/A 

N/A 

z 

Clopyralid 

0.00328 

0.0788 

4.40 

235.2 

10.4(52) 

12.5  (62.5) 

N/A 

0.1  (0.5) 

© 

2,4-D 

0.02624 

0.02624 

2.944 

47.2 

0.9  (4.5) 

0.12(0.6) 

0.33(1.65) 

0.56  (2.8) 

Dalapon 

0.01968 

0.02624 

8.08 

17.64 

34(170) 

10.5  (52.5) 

29(145) 

0.6  (3.0) 

S 

Dicamba 

0.02624 

0.02624 

2.944 

47.2 

2.8  (14) 

5.0  (25) 

N/A 

1.1  (5.5) 

> 

Diuron 

3 

0.02624 

11.76 

37.64 

0.49  (2.45) 

0.82(4.1) 

N/A 

0.14  (0.7) 

3D 

Q 

m 

m 

Glyphosate 

0.02624 

0.02624 

1.84 

58.8 

3.8(19) 

2.4  (12) 

9.7  (48.5) 

78  (390) 

j^ 

Hexazinone 

0.02944 

0.01312 

3.972 

35.28 

32  (160) 

37(185) 

20.7  (103.5) 

12.5(62.5) 

en 

Imazapyr 

0.00656 

0.00984 

0.552 

235.2 

10(50) 

10  (50) 

N/A 

10(50) 

W 

Mefluidide 

3 

0.00164 

0.092 

235.2 

10(50) 

10  (50) 

N/A 

N/A 

Metsulfuron 
methyl 
Picloram 

3 

0.000492 

0.02756 

235.2 

15  (75) 

15(75) 

N/A 

15  (75) 

m 
O 
m 

0.01312 

0.01968 

1.104 

35.28 

1 .25  (6.25) 

2.3(11.5) 

N/A 

38(190) 

Simazine 

3 

0.02624 

14.72 

70.4 

0.28(1.4) 

1.16(5.8) 

0.35(1.75) 

0.056  (0.28) 

(O 

Sulfometuron 

3 

0.003692 

2.028 

235.2 

1.25(6.25) 

1 .25  (6.25) 

0.12  (0.60) 

1.25(6.25) 

sj 

methyl 

m 

J* 

Tebuthiuron 

0.00328 

0.00984 

5.88 

70.4 

14.4(61) 

11.2(56) 

16(80) 

29.7  (148.5) 

Triclopyr 

0.00984 

0.02624 

2.94 

94.0 

11.7(58.5) 

14.8  (74) 

8.85  (44.25) 

103(515) 

> 

Diesel  oil 

0.01312 

0.01312 

0.736 

58.8 

0.019 

0.081 

0.69 

0.021 

(0.095)4 

(0.405)2 

(3.45)5 

(0.105) 

Kerosene 

0.01312 

0.01312 

0.736 

58.8 

0.003(0.015) 

N/A 

N/A 

N/A 

r 
■< 

CO 

1  Values  are  for  Daphnia  sp.,  except  diesel  oil  (value  for  pink  shrimp  used). 

2  Value  is  for  salmon. 

3  Not  applied  to  rangeiand  in  this  program.4  Value  is  for  unspecified  freshwater  fish.5  Value  is  for  sheepshead  minnow. 
N/A:  Not  available. 

Note:  Amitrole  -  BLM  has  reexamined  the  risk  assessment  and  examined  additional  data.  BLM  has  determined  that  amitrole  is  no  longer  considered  for  proposed 
use  in  this  document.  Amitrole  will  be  deleted  in  the  Record  of  Decision.  Dalapon  -  Since  drafting  this  document,  producers  are  no  longer  manufacturing  formulations 
registered  for  proposed  use.  Therefore,  dalapon  is  no  longer  considered  for  use. 
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FIRE  ECOLOGY  OF  WESTERN  PLANT  SPECIES 


PRINCIPLES  AND 
PROCESSES  OF  FIRE 
EFFECTS 

Introduction 

Fires  that  burn  under  similar  weather  conditions 
often  have  a  surprisingly  wide  range  of  effects  on 
vegetation.  Plant  communities  do  not  respond  in 
one  specific  way  to  fire.  Most  fire  effects  are  related 
to  factors  other  than  the  heat  released  during  the 
active  flaming  passage  of  the  fire  front.  Any  given 
site  with  its  fuel  complex  and  plant  community  can 
bum  in  a  variety  of  ways,  and  consequently  a  wide 
range  of  fire  effects  can  result. 

The  most  significant  sources  of  heat  from  most 
fires  are  downed  dead  surface  fuels,  litter,  and  duff 
layers.  However,  dead  branches,  leaves,  or  needles 
on  standing  plants  can  produce  a  considerable 
amount  of  heat.  Old,  fairly  decadent  stands  of 
shrubs,  for  example,  may  produce  a  much  more 
intense  fire  than  a  young  shrub  stand,  which  may 
have  so  little  dead  or  dry  material  that  it  cannot  be 
ignited.  The  amount  of  dead  woody  fuel,  thickness 
of  litter  and  duff  layers,  and  amount  of  dead  material 
on  a  living  plant  may  be  significantly  greater  than 
would  normally  occur  under  "natural  conditions"  if 
fire  has  been  excluded  from  an  environment  in 
which  fires  used  to  occur  at  a  fairly  high  frequency. 
In  this  situation,  fire-caused  mortality  may  be  much 
higher  than  it  would  have  been  under  natural  con- 
ditions because  of  the  greater  potential  for  produc- 
tion of  lethal  temperatures.  Moisture  content  is  the 
most  significant  factor  influencing  the  proportion  of 
material  in  each  fuel  category  that  will  burn. 

Fireline  intensity  is  directly  related  to  the  length 
of  the  flames  and  is  a  measure  of  the  rate  of  heat 
released  by  the  flames.  Most  of  this  heat  is  directed 
upward.  Burn  or  fire  severity  is  a  qualitative  measure 
of  the  amount  of  heat  that  is  directed  downward, 
which  is  available  to  heat  soils  and  below-ground 
plant  parts.  A  low  severity  fire  removes  little  surface 
fuel  or  organic  material  and  causes  little  subsurface 
heating.  A  moderate  severity  fire  removes  some  of 
the  fuel  in  small  and  medium  size  classes,  may  con- 
sume some  of  the  forest  floor  organic  layer  (or  litter 
and  organic  layer  beneath  rangeland  shrubs),  and 
can  heat  surface  soil  layers.  A  high  severity  fire  con- 
sumes most  of  the  organic  material  on  the  soil  sur- 
face and  can  cause  significant  amounts  of  subsur- 
face heating. 


Subsurface  heating  and  associated  mortality 
depends  on  the  amount  of  surface  dead  fuel,  the 
amount  and  compactness  of  litter  and  duff,  and  the 
moisture  content  of  those  materials,  all  of  which 
affect  fire  duration— the  length  of  time  a  heat  source 
is  present  (Wade  and  Johnson  1986).  Soil  moisture 
also  retards  penetration  of  heat  into  soil  layers 
(Shearer  1975,  Frandsen  and  Ryan  1986).  If  moder- 
ate to  heavy  accumulations  of  surface  dead  fuel  or 
organic  layers  exist,  their  consumption  in  smolder- 
ing and  glowing  combustion  are  the  best  indicators 
of  significant  amounts  of  subsurface  heating  and 
potential  damage  to  buried  plant  parts. 

Different  plant  species  have  specific  physical  char- 
acteristics that  determine  theirsensitivity  to  fire  heat- 
ing. Given  the  fuel  characteristics  and  moisture  con- 
ditions on  a  particular  site  when  it  is  burned,  the  fire 
creates  a  given  amount  of  heat  that  lasts  for  a  spe- 
cific amount  of  time  and  causes  a  certain  degree  of 
injury  to  a  plant.  Different  plant  species  have  dif- 
ferent methods  for  recovery  after  fire.  A  plant's  abil- 
ity to  recover  can  be  affected  by  factors  that  vary 
with  the  growing  season  or  with  the  age  of  the  plant. 
Whether  the  plants  that  first  appear  after  a  fire  can 
successfully  establish  on  the  site  can  be  signifi- 
cantly affected  by  such  external  factors  as  postfire 
weather,  postfire  animal  use,  and  plant  competition. 


Plant  Mortality 

Plant  mortality  depends  on  whether  tissue  is 
lethally  heated.  The  lowest  temperature  at  which 
plant  cells  are  killed  is  approximately  50°  to  55°  C 
(122°  to  131°  F)  (Baker  1929,  as  cited  in  Wright  and 
Bailey  1982).  Actual  death  depends  on  the  temper- 
ature reached  and  the  duration  of  time  to  which  plant 
tissue  is  exposed  to  that  temperature.  Additionally, 
some  plant  tissues,  particularly  growing  points  (mer- 
istems  or  buds),  tend  to  be  much  more  sensitive  to 
fire  heat  when  they  are  actively  growing  and  their 
tissue  moisture  is  high  than  when  tissue  moisture 
content  is  low  (Wright  and  Bailey  1982).  Thus,  plant 
tissues  die  more  readily  after  exposure  to  a  specific 
temperature  for  a  certain  length  of  time  when 
actively  growing  than  when  they  are  physiologically 
dormant  or  quiescent,  or  have  finished  active  growth 
for  the  year. 

Structural  and  physical  characteristics  affect 
whether  the  above-ground  part  of  a  woody  plant  will 
be  killed  by  a  fire.  Important  crown  characteristics 
include  branch  density,  location  of  the  base  of  the 
crown  with  respect  to  surface  fuels,  total  crown  size 
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(Brown  and  Davis  1973),  and  bud  size,  with  small 
size  buds  more  likely  to  be  lethally  heated  than  large 
buds,  or  buds  covered  by  long  needles  (Wagener 
1961,  as  cited  in  Ryan  1982).  The  moisture  content 
of  the  foliage  also  affects  its  flammability.  Moisture 
content  of  new  leaves  and  twigs  varies  throughout 
the  growing  season,  being  highest  when  active 
growth  is  occurring.  These  tissues  also  tend  to  be 
more  sensitive  to  heating  when  actively  growing 
because  of  their  high  moisture  content.  The  mois- 
ture content  of  old  conifer  foliage  is  lowest  in  the 
spring  and  generally  increases  to  a  maximum  level 
in  late  summer  (Norum  and  Miller  1984,  Chroscie- 
wicz  1986).  The  moisture  content  of  understory 
plants  can  be  high  enough  to  prevent  fire  from  enter- 
ing the  plant  community.  Evergreen  plants  are  usu- 
ally more  flammable  than  deciduous  plants,  because 
their  moisture  content  tends  to  be  lower  and 
because  evergreens  often  store  flammable  com- 
pounds in  their  leaves.  The  mortality  of  tree  and 
shrub  crowns  is  directly  related  to  the  amount  of 
heating  the  crown  receives  from  the  surface  fire,  and 
the  crown  is  always  killed  if  flames  burn  through  the 
entire  crown.  The  amount  of  crown  scorch  can  be 
calculated  from  flame  length,  ambient  air  tempera- 
ture, and  windspeed  (Albini  1976). 

Trees  and  shrubs  also  can  be  killed  by  lethally  heat- 
ing the  cambium,  the  active  growth  layer  that  lies 
beneath  the  bark.  Bark  surface  texture  can  affect  its 
likelihood  of  ignition,  whether  stringy  and  flamma- 
ble, or  smooth.  The  fire  resistance  of  tree  stems  is 
most  closely  related  to  bark  thickness,  which  varies 
by  species  and  with  age.  The  cambium  layer  of  thin 
bark  trees,  such  as  lodgepole  pine,  subalpine  fir, 
aspen,  madrone,  or  most  of  the  spruces,  is  usually 
dead  beneath  any  charred  bark.  The  cambium 
beneath  thick  bark  layers,  such  as  those  present  on 
ponderosa  pine,  Douglas  fir,  and  western  larch,  is 
usually  only  killed  by  heat  released  over  a  long  dura- 
tion, such  as  from  burnout  of  logs,  and  deep  litter 
and  duff  layers.  The  cambium  of  shrubs  is  usually 
killed  by  fire  because  shrub  stems  tend  to  be  small 
in  diameter  and  have  relatively  thin  bark. 

Root  mortality  can  kill  plants  even  if  the  above- 
ground  parts  of  the  plants  receive  little  damage.  The 
likelihood  of  damage  to  roots  depends  on  their  loca- 
tion with  respect  to  the  surface  of  the  ground; 
whether  they  are  located  in  flammable  organic  lay- 
ers or  in  soil;  how  close  they  are  to  accumulations 
of  dead  woody  fuels  that  may  burn  for  a  long  time 
and  produce  enough  heat  to  damage  them;  and  the 
moisture  content  of  the  fuel,  organic  layers,  and  soil. 
Structural  support  roots  that  grow  laterally  near  the 
su  rface  are  more  susceptible  to  f  i  re  damage  and  con- 
sumption than  roots  that  grow  downward.  Roots  typ- 
ically found  in  organic  layers  are  more  likely  to  be 
lethally  heated  or  consumed  than  those  located  in 
soil  layers,  and  trees  mostly  rooted  in  organic  matter 
are  more  subject  to  postfire  windthrow.  Tree  feeder 


roots,  those  that  collect  most  of  its  water  and  nut- 
rients, are  very  small  in  diameter  and  usually  grow 
laterally  near  the  surface.  If  a  large  proportion  of  the 
feeder  roots  are  located  in  soil  organic  layers  rather 
than  in  soil,  they  are  much  more  subject  to  lethal 
heating.  Root  mortality  is  closely  related  to  burn 
severity,  the  amount  of  consumption  of  large- 
diameter  dead  woody  fuels,  the  reduction  in  depth 
of  organic  layers  caused  by  fire,  and  the  related 
amount  of  soil  heating. 


Postfire  Sprouting 

Postfire  sprouting  is  a  means  by  which  many 
plants  recover  after  fire.  The  same  factors  that  con- 
trol mortality  of  roots  affect  mortality  of  reproductive 
structures  of  woody  plants,  grasses,  and  forbs.  The 
reproductive  parts  of  plants  are  located  at  various 
levels  in  the  litter,  duff,  and  soil  layers,  and  thus  have 
differing  susceptibility  to  heat  generated  at  the  sur- 
face. The  type  of  medium  in  which  these  parts  grow 
and  the  depth  below  the  surface  at  which  dormant 
buds  occur  may  be  a  species-specific  characteristic 
(Flinn  and  Wein  1977). 

Many  plants  have  buds  located  in  the  tissue  of 
upright  stems,  above  or  below  the  surface  of  the 
ground.  Buds  may  be  located  on  laterally  growing 
stems,  such  as  stolons  or  rhizomes,  which  for  differ- 
ent species  are  characteristically  located  at  different 
depths  below  the  surface  of  the  ground.  Some  trees 
have  root  collar  buds  located  in  stem  tissue  at  the 
point  where  roots  spread  out  from  the  base  of  the 
stem.  Lignotubers,  burls,  and  root  crowns  are  all 
names  for  masses  of  woody  tissue  from  which  roots 
and  stems  originate  and  which  are  often  covered 
with  dormant  buds  (James  1984).  Dormant  buds 
may  be  deeply  buried  in  wood  and  may  be  located 
far  below  the  surface  if  the  tissue  mass  is  large. 
Forbs  often  regenerate  from  buried  stemlike  struc- 
turesorfrom  bulbs  or  corms.  Some  species  have  dor- 
mant buds  or  bud  primordia  located  along  the  sur- 
face of  roots  from  which  new  shoots  can  originate. 

Most  of  these  dormant  buds  are  prevented  from 
growing  by  compounds  that  are  translocated  from 
above-ground  parts  of  the  plants  to  buds  on  roots 
and  rhizomes.  Fire  removes  thesource  of  these  inhib- 
itors when  it  kills  the  top  of  the  plants.  Compounds 
in  roots  then  promote  bud  outgrowth  (Schier  et  al. 
1985).  Postfire  sprouting  ability  can  vary  with  plant 
age.  Young  plants  that  developed  from  a  seed  may 
not  be  able  to  sprout  until  they  reach  a  certain  age, 
while  some  older  plants  gradually  lose  their  ability 
to  sprout. 

A  key  factor  in  determining  whethera  plant  is  capa- 
ble of  producing  new  shoots  after  a  fire  depends  on 
whether  dormant  buds  were  lethally  heated  by  the 
fire.  Plant  parts  deep  below  the  soil  surface,  in  moist 
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soil  or  organic  layers,  or  in  areas  where  there  is  little 
surface  fuel  to  provide  a  heat  source  are  most  likely 
to  survive.  For  forest  and  for  rangeland  situations, 
postfire  sprouting  can  be  closely  linked  to  the  sever- 
ity of  the  burn  with  respect  to  the  location  of  repro- 
ductive structures  with  dormant  buds  (Dyrness  and 
Norum  1983,  Morgan  and  Neuenschwander  1988). 
The  number  of  postfire  sprouts  can  be  related  to 
depth  of  burn  and  the  amount  of  stimulation  or  death 
of  dormant  buds  (Miller  1977). 

Many  species  of  grass  are  rhizomatous,  with  mer- 
istems  and  buds  buried  beneath  the  litter,  duff,  or 
soil  surface.  Whether  rhizomatous  grasses  are  stim- 
ulated or  killed  by  fire  depends  on  rhizome  location 
with  respect  to  the  surface;  whether  rhizomes  are 
located  in  soil  or  organic  layers;  the  moisture  con- 
tent of  the  litter,  organic,  and  soil  layers;  and  the 
amount  and  duration  of  heat  generated  by  the  sur- 
face fire.  Rhizomatous  grasses  often  respond  posi- 
tively to  rangeland  fires  because  meristems  and 
buds  are  usually  protected  by  soil;  in  forested  areas, 
they  are  more  likely  to  be  damaged  because  there 
is  more  surface  fuel,  which  can  cause  more  subsur- 
face heating  lethal  to  rhizomes. 

Many  of  the  grasses  in  the  EIS  region  are  bunch- 
grasses,  which  tend  to  be  more  sensitive  to  fire  than 
rhizomatous  grasses.  The  sensitivity  of  bunch- 
grasses  to  fire  depends  on  several  factors,  including 
the  relative  location  of  growing  points  and  buds  with 
respect  to  the  soil  surface,  the  amount  of  fuel  within 
the  bunch  (which  relates  to  bunchgrass  diameter), 
and  bunchgrass  coarseness  (Wright  1971).  Fire 
tends  to  pass  fairly  quickly  through  coarse-textured 
bunchgrasses  as  compared  to  fine-textured  species. 
Fine-leaved  bunchgrasses  often  have  a  concentra- 
tion of  dense  plant  material  at  their  bases,  and  there- 
fore have  the  capacity  to  concentrate  more  heat  at 
their  growing  points  if  basal  fuels  ignite  when  dry 
and  then  smolder  (Wright  and  Bailey  1982). 

Actively  growing  bunchgrasses  are  more  sensitive 
to  fire  than  dormant  bunchgrasses  (Wright  1970). 
However,  these  sagebrush/grass  communities 
rarely  burn  during  this  actively  growing  stage 
because  grasses  and  shrubs  have  high  foliage  mois- 
ture. The  exception  is  sites  where  bunchgrasses  are 
growing  in  association  with  annual  grasses  that  cure 
out  and  become  flammable  while  perennial  grasses 
are  still  physiologically  active.  Prescribed  fires 
would  not  be  staged  during  this  time  because  of 
potential  harm  to  perennial  plants. 


Reproduction  From  Seed 

Many  plant  species  reproduce  from  seed. 
Seedbed  requirements  vary  among  species;  some 
seedlings  do  well  on  organic  seedbeds,  but  most  do 


better  on  bare  mineral  soil,  particularly  in  drier  cli- 
mates or  climates  with  summer  dry  periods.  Seeds 
may  come  from  onsite  unburned  tree  canopies,  fall 
from  cones  that  opened  because  of  the  heat  of  the 
fire,  be  blown  or  carried  onto  the  site  by  animals,  or 
have  been  stored  in  organic  or  soil  layers.  Seed 
caches  of  rodents  and  birds  can  provide  an  impor- 
tant postfire  seed  source  (West  1968,  Tomback 
1986).  Some  species  of  plants,  such  as  ceanothus, 
can  store  seed  that  remains  viable  for  200  to  300 
years  (Gratkowski  1962,  as  cited  in  Noste  and  Bu- 
shey  1987).  Some  of  these  buried  seeds  are  stimu- 
lated to  germinate  by  heat  or  by  materials  washed 
from  charred  wood  left  after  the  fire  (Keeley  1987). 
Fire  can  also  improve  the  variety  of  seeds  that  ger- 
minate by  removing  the  litter  layers  beneath  plants 
such  as  juniper  and  pinyon.  These  litter  layers  con- 
tain chemicals  that  inhibit  germination  of  seeds  of 
other  species  (Everett  1987a).  The  age  at  which 
plants  begin  to  produce  seed  and  whether  seed  pro- 
duction declines  significantly  for  a  particular  spe- 
cies as  the  plant  ages  also  affect  postfire  seed  repro- 
duction. 


Effect  of  Season  of  Burning 

The  season  in  which  a  burn  occurs  can  result  in 
different  fire  effects  for  several  reasons.  The  season 
of  a  prescribed  fire  determines  whether  a  plant  is 
actively  growing  (and  more  susceptible  to  fire  heat- 
ing) or  is  dormant  (with  tissue  more  resistant  to  the 
effects  of  heat).  However,  the  exact  timing  of  plant 
growth  can  differ  considerably  among  years, 
depending  on  temperature,  precipitation,  and  snow- 
pack  melting  (Sauer  and  Uresk  1976,  Turner  and 
Randall  1987).  Prescribed  fires  done  in  the  spring  or 
fall  take  into  consideration  the  state  of  growth  of  the 
plant,  as  well  as  the  site  moisture  regime  typical  for 
that  time  of  the  year.  The  onset  of  growth  and  timing 
of  dormancy  for  a  particular  species  will  vary  for  a 
particular  year  or  with  the  elevation,  aspect,  and  geo- 
graphic location  of  the  plant  community. 

The  levels  of  starches  and  sugars,  or  carbohy- 
drates, that  plants  use  for  energy  and  growth  are  sub- 
ject to  a  seasonal  cycle.  Levels  of  stored  carbohy- 
drate decline  early  in  the  growing  season  and 
whenever  requirements  for  growth  of  the  plant 
exceed  the  production  of  carbohydrates  by  photo- 
synthesis (Cook  1966a  and  1966b).  Initial  new 
growth  of  sprouts  and  suckers  relies  on  stored 
starches  and  sugars.  If  a  fire  occurs  when  stored  car- 
bohydrates are  low,  or  at  a  time  in  the  growing  sea- 
son when  a  plant  does  not  have  time  to  manufacture 
enough  carbohydrates  to  survive  a  subsequent 
period  of  drought  or  cold  (Mueggler  1983),  a  plant 
may  die,  or  its  production  in  the  subsequent  year(s) 
may  be  much  reduced  (Trlica  1977). 
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Effect  of  Weather 

Pref  i  re  weather  determ  i  nes  the  g  rowth  stage  of  the 
plant,  the  amount  of  production  in  the  present  year 
and  previous  years  and  thus  the  amount  of  herba- 
ceous fuel,  and  the  vigor  of  the  plants.  A  drought- 
stressed  plant  is  less  likely  to  survive  a  fire,  and,  if 
it  lives,  its  production  in  the  next  few  years  may  be 
greatly  reduced  compared  to  a  plant  in  good  condi- 
tion when  it  is  burned.  Prefire  weather  also  deter- 
mines the  moisture  regime  on  the  site— whether 
fuels  in  different  size  classes,  organic  layers,  and  soil 
are  wet,  moist,  dry,  or  very  dry.  Postf  ire  weather,  par- 
ticularly temperature  and  precipitation,  can  deter- 
mine whether  seedlings  successfully  establish, 
whether  plants  produce  sprouts  that  fall  or  wait  until 
the  following  spring,  whether  sprouts  survive  a  sub- 
sequent period  of  drought  or  cold,  and  the  rate  of 
recovery  of  the  plant  community,  especially  the 
amount  of  postfire  production  of  plants. 


Postfire  Plant  Productivity 

Fire  can  have  a  significant  effect  on  postfire  plant 
productivity.  There  may  be  a  significant  decrease 
during  the  initial  postfire  recovery  period,  then  an 
increase  in  production  after  1  or  several  years.  Pro- 
ductivity may  increase  afterthe  first  growing  season. 
Total  productivity  may  not  change  significantly,  but 
can  shift  among  classes  of  plants  on  the  site,  such 
as  from  conifers  that  are  killed  by  a  fire  to  shrubs, 
grasses,  and  forbs.  Total  vegetative  productivity 
may  actually  decrease,  but  shift  from  less  desirable 
to  more  desirable  species,  as  from  woody  plants  to 
grasses  and  forbs.  Immediate  productivity  increases 
are  usually  more  likely  if  significant  amounts  of  veg- 
etative reproduction  or  regeneration  occur  than  if 
the  site  must  reestablish  from  seed.  Sprouts  can 
obtain  nutrients  and  carbohydrates  for  initial  growth 
from  the  parent  plant,  while  a  seedling  often  has 
access  to  only  a  small  nutrient  reserve  in  seed  and 
may  grow  fairly  slowly  initially.  Seedling  establish- 
ment and  growth  depend  much  more  on  site  condi- 
tions. 

Greatly  increased  amounts  of  flowering  and  fruit- 
ing may  occur,  including  a  significantly  enhanced 
output  of  grass  seed  and  berries  (Daubenmire  1975, 
Christensen  and  Muller  1975,  Young  1986).  The 
same  factors  that  increase  vegetative  productivity- 
warmer  temperatures,  improved  nutrient  availabil- 
ity, and  removal  of  senescent,  woody  material  that 
requires  a  lot  of  energy  to  maintain— cause  changes 
in  production.  The  amount  of  flowering  and  fruiting 
may  decrease  over  prefire  levels  for  some  time  if 
plants  were  severely  damaged  by  burning.  Whether 
increases  or  decreases  in  production  of  specific  spe- 
cies are  desirable  and  are  achieved  by  a  prescribed 
fire  depends  on  the  specific  objectives  for  burning. 


Relationship  of  Fire  to  Animal  Use 

If  burning  occurs  in  close  association  with  heavy 
use  of  the  plant  community  by  livestock  or  wildlife, 
either  before  or  after  the  burn,  plant  recovery  may 
be  delayed  or  prevented.  Heavy  prefire  use  may 
deplete  plant  carbohydrate  reserves.  Heavy  postfire 
use  of  perennial  plants  in  the  first  growing  season 
after  a  fire  is  likely  to  cause  the  most  harm,  partic- 
ularly in  arid  and  semi-arid  range  communities 
(Trlica  1977).  Livestock  and  wildlife  are  often 
attracted  to  burned  areas  because  of  increased  pal- 
atability,  availability,  and  the  earlier  spring  greenup 
that  often  occurs  on  burned  rangelands  and  grass- 
lands. 

Depending  on  the  plant  community  and  its  produc- 
tion capabilities,  some  use  after  the  first  full  growing 
season  may  not  have  a  negative  impact  and  indeed 
may  be  desirable,  as  in  tobosa  grass  communities. 
In  most  cases,  however,  two  full  growing  seasons  of 
postfire  rest  are  necessary  before  plants  can  sustain 
much  use  (Wright  and  Bailey  1982).  A  longer  recov- 
ery period  is  necessary  if  weather  has  been  unfavor- 
able for  growth  or  if  establishment  of  plants  from 
seeds  is  required  to  completely  revegetate  the  site. 
Desert  plants  required  more  than  7  years  of  recovery 
after  moderate  defoliation  (Cook  and  Child  1971,  as 
cited  in  Trlica  1977),  and  some  shrubland  sites  may 
require  such  a  long  period  of  postfire  rest  if  recovery 
of  browse  species  is  desired. 


Postfire  Plant  Competition 

Plants  compete  for  whatever  is  in  shortest  supply 
—particularly  water,  nutrients,  and  light.  Whether 
competition  occurs  and  the  degree  to  which  it  oc- 
curs depend  on  the  species  present  on  the  site,  the 
number  of  plants  present,  and  the  site  conditions. 
Species  characteristics  may  dictate  that  plants  need 
the  same  things  from  the  environment  at  the  same 
time,  such  as  the  timing  of  germination  and  growth, 
germination  and  establishment  requirements,  rate 
of  growth,  and  requirements  for  water  and  nutrients. 

Fire  has  a  significant  effect  on  plant  competition 
by  changing  the  numbers  and  species  of  existing 
plants,  altering  site  conditions,  and  inducing  a  situ- 
ation where  many  plants  must  reestablish  on  a  site. 
In  a  postfire  situation,  established  perennial  plants 
that  are  recovering  vegetatively  usually  have  an 
advantage  over  plants  that  are  developing  from 
seed,  because  they  can  take  up  water  and  nutrients 
from  an  existing  root  system  while  seedlings  must 
develop  a  new  root  system.  Sprouting  plants  may 
rapidly  develop  a  crown  which  can  shade  out  or  limit 
growth  of  other  plants.  Natural  regeneration  of 
shrubs  may  severely  limit  growth  of  naturally  occur- 
ring or  planted  conifers  because  of  competition  for 
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light  or  moisture  (Stein  1986).  Grass  seeded  for  post- 
fire  erosion  control  interested  areas  may  easily  over- 
top conifer  seedlings  (Miller  1988)  and  in  chaparral 
areas,  may  compete  with  sprouts  and  seedlings  of 
native  plants  (Barro  and  Conard  1987).  Litter  from 
seeded  grasses  may  also  increase  the  flammability 
of  the  site  to  much  higher  levels  than  would  occur 
if  native  vegetation  only  recovered  on  the  site 
(Cohen  1986,  as  cited  in  Barro  and  Conard  1987). 
A  second  fire  after  a  short  term  interval  might  kill  all 
seedlings  of  native  species,  often  before  they  have 
produced  much  seed.  Numbers  and  vigor  of  native 
plants  would  be  further  reduced.  Cheatgrass  seed- 
lings can  grow  roots  at  much  cooler  soil  tempera- 
tures than  many  native  perennial  grass  seedlings, 
and  use  up  soil  moisture  in  the  spring  before  other 
species  get  their  roots  down  into  the  soil  profile 
(Thill  et  al.  1984). 

A  lack  of  fire  can  also  increase  plant  competition. 
For  example,  junipers  can  take  up  increasing 
amounts  of  soil  water  in  sagebrush/grass  communi- 
ties into  which  they  have  invaded,  and  eventually 
exclude  most  other  species  because  of  moisture  lim- 
itations. Grass  production  tends  to  decrease  as  sage- 
brush cover  increases,  again  because  of  competi- 
tion for  water.  Young  stands  of  conifers  which 
develop  in  the  absence  of  fire  beneath  mature  over- 
stories  of  ponderosa  pine  compete  for  moisture  and 
nutrients  with  the  mature  trees,  weakening  them  and 
making  them  susceptible  to  insects  and  disease.  Re- 
moval of  these  competing  plants  with  fire,  in  accord- 
ance with  management  objectives  for  the  site,  is  the 
most  efficient  way  to  manage  these  plant  communi- 
ties. Management  objectives  for  the  site  often 
require  the  removal  of  these  competing  plants.  De- 
pending on  the  site,  prescribed  fire,  or  fire  in  com- 
bination with  other  treatments,  is  the  most  efficient 
and  ecologically  sound  way  to  manage  these  plant 
communities. 


Control  of  Fire  Effects  With  a 
Prescribed  Fire  Prescription 

Prescribed  fire  prescriptions  and  the  prescribed 
fire  plan  are  developed  with  regard  to  site  character- 
istics and  the  reproductive  characteristics  of  the 
plant  species  present  on  the  site.  Fire  effects  on  a 
particular  plant  community  or  species  can  thus  be 
controlled  through  the  choice  of  weather  and  fuel 
moisture  conditions  under  which  the  fire  is  staged, 
the  time  of  the  year  when  the  site  is  burned,  the  size 
of  the  burned  area  as  it  relates  to  postfire  livestock 
and  wildlife  use,  and  pre-  and  postfire  site  manage- 
ment. If  livestock  use  of  a  prescribed  fire  site  can  not 
be  properly  managed  the  site  should  not  be  burned. 
For  some  plant  communities  in  poor  condition  or 
dominated  by  undesired  species,  it  may  be  neces- 


sary to  artificially  reseed  the  area  after  burning 
because  natural  revegetation  by  desired  species  is 
unlikely  to  occur. 

If  undesired  species  are  present  on  a  site  that  may 
respond  positively  to  prescribed  fire,  it  may  be  pos- 
sible to  choose  a  prescription  for  burning  that  will 
favor  other  species.  In  some  situations,  a  better 
choice  may  be  to  not  burn  that  site  and  to  select 
another  treatment  that  optimizes  positive  effects. 

Much  of  the  literature  about  fire  effects  is  based 
on  observations  of  plant  response  after  wildfires, 
which  generally  occur  under  burning  conditions 
much  more  severe  than  those  for  a  prescribed  fire. 
In  some  instances,  tradeoffs  are  made  with  pre- 
scribed burning;  some  short-term  undesirable  ef- 
fects on  preferred  species  have  to  occur  to  have 
desired  results  on  species  that  are  targets  for 
removal.  The  following  literature  review  about  the  ef- 
fects of  fire  on  species  in  the  analysis  regions  within 
the  EIS  area  describes  the  types  of  responses  that 
the  key  plant  species  can  make  and  explains  why 
these  responses  occur.  Some  inferences  about  pre- 
scribed fire  effects  are  derived  from  the  study  of  wild- 
fires because  detailed  prescribed  fire  studies  are 
few. 


FIRE  EFFECTS  BY 
VEGETATION  ANALYSIS 
REGION 

Sagebrush  Analysis  Region 

Shrubs 

Big  sagebrush  is  almost  always  killed  by  fire,  and 
because  it  does  not  sprout,  it  may  be  decades  before 
it  establishes  preburn  cover  (Harniss  and  Murray 
1973).  The  rate  of  reestablishment  depends  on  the 
size  of  the  area  burned,  postfire  grazing  manage- 
ment practices,  and  the  subspecies  of  sagebrush. 
Seed  germination  of  mountain  big  sagebrush  is 
enhanced  by  low  and  moderate  severity  fires  (Hiron- 
aka  et  al.  1983).  Seeds  of  basin  and  Wyoming  big 
sagebrush  are  not  known  to  be  heat  stimulated. 
Recolonization  of  sites  by  these  species  generally 
takes  longer  than  in  a  mountain  big  sagebrush  site. 
Black  sagebrush  and  low  sagebrush  are  both  killed 
by  fire,  and  must  also  develop  on  a  burned  area  from 
seed  carried  from  off  the  site  (McMurray  1987c,  Tir- 
menstein  1986a).  Historically,  fire  has  been  a  rare 
occurrence  in  black  sagebrush  and  low  sagebrush 
communities  because  there  are  few  associated  her- 
baceous plants  to  carry  the  fire. 
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Other  important  species  of  the  sagebrush  analysis 
region  can  reproduce  by  sprouting  after  a  fire.  Both 
rubber  (gray)  rabbitbrush  (Bradley  1986a)  and  low 
(green)  rabbitbrush  (Bradley  1986b)  sprout  after 
fires  from  buds  located  at  or  just  below  the  soil  sur- 
face, although  rubber  rabbitbrush  is  considered  to 
be  somewhat  more  fire  sensitive  than  low  rabbit- 
brush. Plants  that  survive  a  fire  can  produce  copious 
quantities  of  seed  if  there  are  few  surviving  perennial 
grasses  and  forbs  to  provide  competition.  Sprouting 
rabbitbrush  plants  and  newly  established  seedlings 
can  dominate  rabbitbrush  sites  in  poor  condition. 
However,  these  plants  are  generally  short-lived,  and 
sagebrush  will  usually  gain  dominance  over  rabbit- 
brush. A  few  rabbitbrush  plants  usually  do  survive 
in  old  sagebrush  stands  and  may  gain  short-term 
importance  after  the  next  fire  or  other  major  disturb- 
ance. 

The  two  species  of  horsebrush  most  commonly 
found  in  this  analysis  region,  gray  horsebrush  and 
littleleaf  horsebrush,  burn  fairly  rapidly  during  a  fire 
and  transfer  little  heat  below  the  surface,  although 
more  heat  will  be  transferred  under  dry  soil  condi- 
tions. They  will  sprout  vigorously  from  any  root 
crowns  that  are  not  damaged  by  the  fire,  may  estab- 
lish many  new  plants  from  seedlings,  and  may  gain 
dominance  over  a  sagebrush  site  until  sagebrush 
plants  increase  in  number  and  size  (Ahlenslager 
1986b,  Ahlenslager  1986c). 

Little  information  is  available  about  the  response 
of  desert  snowberry  to  fire.  It  has  been  reported  to 
resprout  after  a  fire  in  Nevada  (Klebenow  and  Beall 
1977,  as  cited  in  McMurray  1986d).  It  is  similar  in 
form  to  mountain  snowberry,  which  can  resprout 
from  root  crowns  and  rhizomes  and  readily  develops 
from  seed.  As  with  other  shrubs,  its  ability  to  sprout 
relates  to  the  location  of  its  buds  and  the  severity 
of  the  fire. 

Bitterbrush  is  a  species  of  special  interest  because 
it  has  such  valuable  forage  and  browse  qualities.  Bit- 
terbrush has  two  major  growth  forms,  one  that  is 
decumbent,  with  branches  touching  the  ground,  and 
the  other  form  taller  and  more  erect.  The  decumbent 
form  is  more  likely  to  resprout  after  a  fire  (Nord  1965, 
as  cited  in  Bradley  1986f).  The  erect  form,  which  is 
more  likely  to  be  found  in  sagebrush  communities, 
has  dormant  buds  located  in  stem  tissue  at  or  near 
the  surface  and  tends  to  be  fairly  fire  sensitive.  Older 
plants  seem  to  produce  fewer  sprouts  than  younger 
plants  (Bradley  1986f).  Both  forms  reproduce  after 
fires  from  rodent-cached  seed.  Because  bitterbrush 
plants  die  of  old  age,  fire  seems  to  be  necessary  for 
maintenance  of  the  species,  even  though  mortality 
of  plants  during  any  fire  may  be  fairly  high.  Mortality 
is  minimized  by  burning  when  soils  are  moist,  either 
in  the  spring  or  late  in  the  fall  after  plants  have 
become  dormant  and  rain  has  fallen.  Bitterbrush 
mortality  is  highest  when  fuel  consumption  is  high. 


Grasses 

Many  of  the  dominant  grass  species  of  the  sage- 
brush analysis  region  are  fairly  fire  resistant  and  can 
produce  new  shoot  growth  even  after  moderate  to 
high  severity  burns.  Bluebunch  wheatgrass  regener- 
ates by  sprouting  after  a  fire,  as  little  fuel  is  concen- 
trated at  the  base  of  the  plant  and  basal  growing 
points  are  generally  not  damaged  (Antos  et  al.,  as 
cited  in  Bradley  1986e).  Sandberg  bluegrass  also  is 
fairly  resistant  to  fire  damage  because  of  its  small 
bunch  size,  and  its  postfire  production  often 
increases  when  competition  from  other  plants  is 
removed  (Daubenmire  1970,  as  cited  in  Bradley 
1986a).  The  stems  of  basin  wildrye  are  coarse,  and 
its  reproductive  buds  are  located  at  or  just  below  the 
soil  surface  so  most  plants  survive  fire  (McMurray 
1987c). 

Prairie  junegrass  has  a  small  bunch  and  is  coarse 
textured,  so  it  is  considered  to  be  one  of  the  most 
fire-resistant  bunchgrasses.  Prairie  junegrass  also 
readily  recovers  by  establishment  of  seedlings  (Vol- 
land  and  Dell  1981,  as  cited  in  Tirmenstein  1987d). 
Squirreltail  has  little  fuel  at  its  base  except  in  situa- 
tions where  it  has  not  been  grazed  in  a  long  time, 
and  its  buds  are  about  2  inches  below  the  soil  sur- 
face, so  it  is  rarely  harmed  by  fire  (Ahlenslager 
1986a).  Western  wheatgrass  almost  always  is 
enhanced  by  prescribed  fire,  because  it  has  little  con- 
centration of  surface  fuel  and  its  buds  are  dispersed 
along  rhizomes  in  soil,  which  are  very  unlikely  to  be 
heated  to  lethal  temperatures  (Ahlenslager  1986a). 

Muttongrass  (Fendler  bluegrass),  found  at  higher 
elevations  in  the  sagebrush  zone,  is  more  likely  to 
be  damaged  by  fire  than  the  previous  species  dis- 
cussed because  its  leaves  are  densely  clustered, 
with  fine  to  medium  texture,  and  thus  are  more  likely 
to  concentrate  heat  at  basal  growth  points  during  a 
fire.  However,  surviving  individuals  produce  heavy 
seed  crops  after  fire,  so  the  species  can  reestablish 
in  this  manner  (Young  1983,  as  cited  in  Winkler 
1987c).  Need le-and-th read  grass,  Thurber  needle- 
grass,  and  Idaho  fescue  are  the  dominant  grasses 
that  are  most  easily  harmed  by  fire  in  this  analysis 
region  (Tirmenstein  1987h,  Tirmenstein  1987i,  Brad- 
ley 1986c).  All  these  plants  have  an  accumulation  of 
dense  culms  at  their  base,  which  tend  to  concentrate 
heat  if  the  fire  occurs  during  a  dry  period,  although 
Thurber  needlegrass  has  somewhat  less  density  of 
basal  fuel.  Large-diameter  bunches  of  these  three 
species  have  been  reported  to  sustain  more  damage 
from  fire  than  smaller  diameter  bunches.  Needle- 
grass  species  have  been  observed  to  reproduce  from 
seed  after  fires. 

Any  of  these  bunchgrass  plants  can  be  killed  by 
fire.  The  greatest  amount  of  damage  to  these  plants 
occurs  either  if  they  are  burned  when  actively  grow- 
ing or  have  green  tissue  (a  time  when  they  are  more 
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sensitive  to  fire  temperatures)  or  if  a  fire  occurs  dur- 
ing a  time  when  basal  material  is  very  dry,  can  ignite 
and  smolder,  and  can  concentrate  heat.  Prescribed 
fires  with  an  objective  of  enhancing  or  maintaining 
grasses  would  not  be  scheduled  during  periods 
when  key  species  are  more  sensitive  to  fire.  Bunch- 
grass  plants  that  survive  a  fire  can  return  to  preburn 
coverage  and  production  within  2  years  (West  and 
Hassan  1985),  but  the  recovery  time  may  be  shorter 
or  much  longer,  depending  on  the  amount  of  dam- 
age sustained  by  the  plant,  its  recovery  potential, 
site  productivity,  postfire  weather,  and  postfire  ani- 
mal use. 

In  the  cheatgrass  zone  of  southeastern  Oregon, 
southwestern  Idaho,  and  northern  Nevada, 
increases  in  this  undesirable  annual  are  possible 
after  fire  on  sites  that  have  an  existing  component 
of  cheatgrass  within  the  community.  If  sites  with  this 
potential  are  prescribed  burned,  perennial  grasses, 
forbs,  and  shrubs  are  usually  seeded  on  the  site  after 
the  fire.  In  areas  of  the  sagebrush  region  where  the 
existing  native  perennial  community  is  healthy, 
cheatgrass  invasion  after  a  prescribed  fire  is  gener- 
ally not  a  problem  because  native  plants  can  com- 
pete vigorously  with  any  cheatgrass  plants  that  do 
establish.  However,  if  these  sites  are  overgrazed 
after  a  fire,  cheatgrass  may  invade  and  eventually 
become  dominant. 


Forbs 

Perennial  forbs  generally  respond  better  than 
bunchgrasses  to  burning  (Britton  and  Ralphs  1978), 
because  their  growing  points  are  protected  by  soil 
layers  to  a  greater  extent  than  grasses.  Fall  burning 
does  not  harm  most  forbs  because  many  of  them  are 
dry  and  disintegrated  by  this  time  (Wright,  1985).  Bal- 
samroot  has  been  observed  to  respond  very  well  to 
a  summer  wildfire  after  drought  conditions,  because 
it  sprouts  each  year  from  well  below  the  soil  surface 
(Miller  1987).  Forbs  that  are  still  green  are  very  sus- 
ceptible to  fall  fires  (Wright  1985),  as  are  such  forbs 
as  Antennaria  spp.  and  Phlox  spp.  (Pechanec  and 
Stewart  1944),  which  have  growth  points  right  at  the 
surface.  Perennial  forbs  can  recover  from  summer 
burning  in  1  year  (West  and  Hassan  1985). 


Desert  Shrub  Analysis  Region 

Vegetation  treatments  often  are  not  practiced  on 
salt  desert  shrub,  blackbrush,  or  Mohave  and  Son- 
oran  desert  shrublands  (Jordan  1981),  and  those  at- 
tempted have  met  with  limited  success.  Historically, 
fire  frequency  in  these  vegetation  types  has  been 
low.  However,  wildfire  incidence  has  increased  in 
some  of  these  areas  because  of  the  presence  of 
exotic  annual  grasses  (Lotan  et  al.  1981,  Patten  and 
Cave  1984).  Many  areas  of  the  Mohave  and  Sonoran 


Deserts  are  too  dry  during  most  years  to  produce 
enough  fuel  to  carry  a  fire.  Fires  occur  in  the  Son- 
oran Desert  northeast  of  Phoenix  only  after  2  years 
of  above-average  precipitation,  which  encourages 
growth  of  annuals  (Rogers  and  Vint  1987).  Creosote- 
bush  communities  rarely  burn  because  of  low  her- 
baceous cover  (Sampson  and  Jesperson  1963,  as 
cited  in  Korthuis  1988b). 

Many  shrubs,  trees,  and  cacti  of  the  hot  desert  can 
be  severely  affected  by  burning  because  they  are  not 
adapted  to  fire.  Paloverde,  burroweed,  bursage, 
broom  snakeweed,  ocotillo,  and  creosotebush  are 
examples  of  desert  species  that  can  suffer  high  mor- 
tality rates  from  burning  (Wright  and  Bailey  1982), 
although  higher  mortality  rates  seem  associated 
with  fires  that  occur  under  more  extreme  burning 
conditions.  Creosotebush  susceptibility  to  fire  is  ap- 
parently highest  in  June,  and  it  has  been  reported 
to  sprout  after  fires  during  other  times  of  the  year. 
Large  numbers  of  triangleleaf  bursage  seedlings 
have  been  reported  after  fires  in  Arizona  (Rogers 
and  Steele  1980,  as  cited  in  Korthuis  1988a),  and 
broom  snakeweed  can  rapidly  reestablish  from  light, 
wind-dispersed  seed  after  a  fire  (Young  1983,  as 
cited  in  Tirmenstein  1987c). 

The  effect  of  fire  on  Joshua  trees  can  be  quite  vari- 
able. These  trees  are  capable  of  producing  vigorous 
stump  and  root  sprouts  after  fire  and,  when  moisture 
is  adequate,  may  produce  dense  stands  (Lotan  et  al. 
1 981 ).  Observations  of  a  southern  Nevada  July  wild- 
fire show  that  plants  that  seemed  to  sustain  more 
physical  damage  during  the  fire  did  not  sprout,  while 
other  plants  had  vigorous  shoots  at  the  base.  Some 
plants  had  sprouted,  but  the  sprouts  had  subse- 
quently died  (Miller  1988).  Because  of  increases  in 
nonnative  annuals  in  these  communities,  fire  fre- 
quencies are  higher  than  they  would  naturally  have 
been.  The  likelihood  of  reestablishing  Joshua  trees 
from  seed  is  greatly  reduced  because  younger  trees 
are  more  susceptible  to  fire  damage  than  older  trees. 
Mohave  yucca  sprouts  prolifically  from  roots  or  nod- 
ules at  the  stem  base  after  all  above-ground  parts 
of  the  plants  are  consumed  by  fire,  with  stands  some- 
times increasing  in  density  (Tratz  and  Vogl  1978,  as 
cited  in  Tirmenstein  1989d). 

The  following  species  occur  in  both  Mohave  Des- 
ert and  cold  desert  shrub  types.  Shadscale,  four- 
wing  saltbush  (Wright  1980),  black  greasewood 
(Young  1983,  as  cited  in  Tirmenstein  1987d),  and  win- 
terfat  (Dwyer  and  Pieper  1967)  all  have  been 
reported  to  resprout  vigorously  after  a  fire,  although 
August  and  September  wildfires  in  southwest  Idaho 
killed  95  to  100  percent  of  winterfat  plants  (Pellant 
and  Reichert,  as  cited  in  Holifield  1987a).  These 
southwest  Idaho  shrub  communities  may  be  some- 
what atypical  of  winterfat  communities  because  they 
are  so  far  north  in  their  distribution.  Cool  season 
grasses  predominate,  summer  precipitation  is  rare, 
and  grasses  are  usually  dormant  for  long  periods  of 
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the  summer  and  thus  are  flammable,  as  compared 
to  warm-season  dominated  communities  to  the 
south  where  green-up  is  maintained  or  occurs  inter- 
mittently all  summer  in  response  to  showers  (M.  Pel- 
lant,  pers.  conv.  1989).  Winterfat  is  reported  to  have 
good  tolerance  for  fire  when  dormant  (Wasser  1 982, 
as  cited  in  Holifield  1987a).  Four-wing  saltbush  also 
has  been  reestablished  successfully  from  seed  after 
a  fire  in  central  Utah  (Clary  and  Tiedemann  1984, 
as  cited  in  Tirmenstein  1986d).  Spiny  hopsage,  a  res- 
ident of  both  hot  and  cold  deserts,  generally 
resprouts  after  being  burned  and  is  least  susceptible 
to  fire  during  summer  dormancy  (Rickard  and 
McShane  1984,  as  cited  in  Holifield  1987c). 

Bud  sagebrush  and  black  sagebrush,  both  species 
of  the  cold  desert,  do  not  sprout  after  fire  and  must 
recover  by  development  of  new  seedlings  from  seed 
blown  or  carried  from  off  the  burned  area  (Hickerson 
1986,  McMurray  1987c).  Black  sagebrush  communi- 
ties rarely  burn  because  the  sparse  vegetation  usu- 
ally precludes  fire  (Winward  1985,  as  cited  in  McMur- 
ray 1987c).  Horsebrush  and  rabbitbrush  both  sprout 
after  fire;  their  response  was  discussed  in  greater 
detail  in  the  section,  Sagebrush  Analysis  Region  ear- 
lier in  this  appendix. 


Southwestern  Shrubsteppe  Analysis 
Region 

Trees  and  Shrubs 

The  most  common  use  of  fire  in  southwest  shrub- 
steppe areas  is  to  control  woody  species,  such  as 
snakeweed,  burroweed,  and  creosotebush,  which 
are  fairly  sensitive  to  burning,  and  velvet  mesquite. 
While  high-percentage  kills  of  velvet  mesquite  are 
rare,  even  after  severe  wildfires  (Wright  and  Bailey 
1982),  younger  trees  are  more  susceptible  to  fire 
than  older  trees,  as  are  plants  growing  in  areas  with 
great  amounts  of  grassy  fuels  (Wright  1980). 
Summer  fires  are  more  damaging  to  velvet  mesquite 
than  winter  fires  (Blydenstein  1957,  as  cited  in 
Wright  1980).  Repeated  fires  are  necessary  to  main- 
tain a  grassland  aspect  on  some  prescribed  fire  sites, 
to  prevent  additional  establishment  from  seeds  pro- 
duced by  maturing  sprouts  of  velvet  mesquite  and 
creosotebush.  Honey  mesquite  seedlings  are  very 
tolerant  of  intense  fires  by  the  time  they  are  3Vz  years 
old,  so  control  of  this  species  with  fire  is  difficult 
(Wright  et  al.  1976a,  as  cited  in  Wright  and  Bailey 
1982). 

Ocotillo,  Wheeler  sotol,  larchleaf  goldenweed, 
and  paloverde  can  be  severely  damaged  by  fire 
(Wright  and  Bailey  1982),  as  are  many  cactus  spe- 
cies (Martin  1983).  It  has  been  noted  that  catclaw  aca- 
cia is  killed  by  fire  (Thornber  1907,  as  cited  in  Wright 


1 980) ,  but  no  additional  research  has  been  done  con- 
cerning this  species.  Banana  yucca  sprouts  from 
roots  or  thick,  short  rhizomes  after  fires  that  are  not 
extremely  severe  (Tirmenstein  1989b).  Soapweed 
yucca  can  sprout  from  underground  rhizomes  that 
are  buried  in  soil  layers.  Little  research  data  are  avail- 
able, but  rhizomes  of  older  soapweed  yucca  plants 
develop  protective  bark  and  are  more  likely  to  sur- 
vive fires  and  sprout  (Kingsolver  1986,  as  cited  in  Tir- 
menstein 1989c).  As  is  true  in  other  analysis  regions, 
the  amount  of  damage  caused  by  fire  can  vary  with 
burning  conditions  and  timing  of  the  fire. 


Grasses 

In  general,  perennial  grasses  are  mildly  to  severely 
harmed  by  fires  during  dry  years,  but  they  quickly 
recover  during  wet  years  (Wright  and  Bailey  1982). 
Some  of  the  species  about  which  this  has  been  said 
include  Arizona  cottontop,  tanglehead,  and  hairy 
grama,  which  resembles  a  bunchgrass  in  the 
southern  part  of  its  range.  Wolf  plants  of  Lehmann 
lovegrass,  an  introduced  bunchgrass,  are  severely 
harmed  by  hot  June  wildfires,  but  they  were  rela- 
tively unaffected  by  a  February  fire,  possibly 
because  high  winter  moisture  content  prevented 
burning  of  the  crown  (Pase  1971,  as  cited  in  Wright 
and  Bailey  1982).  Burning  may  stimulate  the  emer- 
gence of  Lehmann  lovegrass  seedlings  (Ruyle  et  al. 
1988). 

Burning  has  the  greatest  benefit  to  tobosa,  big 
sacaton,  and  alkali  sacaton  ranges,  although  tobosa 
grass  communities  may  require  3  years  of  normal 
precipitation  to  recover  from  a  fire  during  a  dry  year 
(Dwyer  1972).  Tobosa  grass  readily  recovers  after 
most  fires  by  sprouting  from  extensive  rhizomes  and 
basal  root  crowns  (Uchytil  1988b).  Of  the  dominant 
perennial  grasses,  black  grama  is  most  seriously 
affected  by  burning  because  it  is  a  stoloniferous 
grass,  with  growing  points  right  at  or  near  the  sur- 
face. Postfire  recovery  is  slow  and  hindered  by  post- 
fire  drought  (Canfield  1939,  Reynolds  and  Bohning 
1956).  If  a  postfire  drought  period  is  confounded  by 
moderate  grazing,  black  grama  may  never  achieve 
preburn  status  in  a  community  (Canfield  1939).  In 
areas  where  annual  precipitation  is  higher,  black 
grama  is  not  excessively  damaged  even  by  hot 
summer  fires  (Wright  and  Bailey  1982). 


Chaparral  Mountain  Shrub  Analysis 
Region 

The  ecological  effects  of  fire  in  chaparral  moun- 
tain shrub  communities  are  difficult  to  generalize 
because  of  the  diversity  of  this  community  type. 
Chaparral  communities  have  evolved  with  fire  and 
have  developed  vegetative  adaptations  to  recurrent 
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fire.  Prescribed  fire  can  be  used  to  manage  stands 
of  dense  chaparral,  not  only  to  reduce  fuels  but  also 
to  improve  watershed  conditions  and  encourage  the 
growth  of  many  species  of  palatable  forage  and 
browse  species.  After  a  fire,  chaparral  shrubs  may 
sprout,  reproduce  from  seed,  or  both,  but  without 
fire,  sprouting  shrubs  will  be  greatly  reduced  in  the 
community  and  be  replaced  by  those  that  reproduce 
from  seed  (Keeley  and  Zedler  1978). 

Shrub  live  oak  (turbinella  oak),  the  dominant  spe- 
cies in  many  stands  of  Arizona  chaparral,  resprouts 
vigorously  from  root  crowns  after  most  fires  (Davis 
and  Pase  1977,  as  cited  in  Tirmenstein  1988b),  and 
also  can  sprout  from  adventitious  buds  on  its  roots. 
Fuels  frequently  are  limited  in  shrub  live  oak  commu- 
nities, and  it  is  difficult  to  get  a  fire  to  carry  through 
a  stand  (Pond  and  Cable,  as  cited  in  Tirmenstein 
1988b).  Scrub  oak,  western  and  hairy  mountain 
mahogany,  and  leather  oak  are  sprouting  species 
that  are  enhanced  by  burning  (Keeley  and  Zedler 
1978,  Wright  and  Bailey  1982).  Skunkbush  sumac 
can  produce  sprouts  from  woody  rhizomes  or  from 
the  root  crown  protected  by  soil  when  above-ground 
vegetation  is  consumed  by  fire  (Wasser  1982,  as 
cited  in  Tirmenstein  1988d).  In  Arizona  chaparral 
communities,  root  sprouting  of  sumac  may  be 
delayed  for  up  to  1  year  after  a  fire  that  could  pro- 
mote survival  of  at  least  some  shoots  on  extremely 
harsh  sites  (Sanford  1970,  as  cited  in  Tirmenstein 
1988d). 

Fire  heat  or  materials  leached  from  charred  wood 
enhance  seed  germination  of  many  native  species 
of  chaparral  communities.  Point  leaf  manzanita  and 
desert  ceanothus  maintain  themselves  by  prolific 
seedling  growth  following  prescribed  fires  (Keeley 
and  Zedler  1978).  Shrub  cover  in  Arizona  chaparral 
has  been  reported  to  reach  76  percent  of  preburn 
cover  in  6  years,  but  it  may  take  more  than  1 1  years 
to  reach  preburn  levels  (Pase  and  Pond  1964,  Hib- 
bert  et  al.  1974,  both  as  cited  in  Wright  and  Bailey 
1982).  Yield  of  grasses  were  maintained  for  5  to  7 
years  after  a  burn,  while  forbs  peaked  in  2  to  3  years 
and  rapidly  declined  (Pase  and  Pond  1964,  as  cited 
in  Wright  and  Bailey  1982). 

Thedominant  plant  of  the  mountain  shrubcommu- 
nity  is  Gambel  oak,  which  can  resprout  vigorously 
after  fire,  both  from  lignotubers  and  from  rhizomes. 
However,  wildfires  can  greatly  decrease  vigor  and 
growth  of  postfire  sprouts  where  considerable 
amounts  of  soil  heating  occur.  In  some  areas  where 
fires  have  burned  with  less  severity,  indicated  by  the 
presence  of  residual  stem  bases,  shrubs  sprout  vigor- 
ously, reaching  heights  of  6  feet  in  6  years  (G.T.  Zim- 
merman, pers.  conv.  1989). 

True  mountain  mahogany  is  reported  to  be  very 
fire  tolerant,  resprouting  from  root  crowns  even  after 
fairly  severe  fires  (Blauer  et  al.  1975,  as  cited  in 
McMurray  1986d).  It  also  reestablishes  from  wind- 


-dispersed  seed.  In  Colorado,  true  mountain  mahog- 
any does  not  sprout  as  prolifically  as  reported  for 
other  areas  and  can  be  killed  if  a  long  duration  fire 
occurs  on  a  site  where  there  is  a  lot  of  litter  beneath 
mahogany  plants  (G.T.  Zimmerman,  pers.  conv. 
1989).  Mature  curl-leaf  mountain  mahogany  plants 
are  fairly  sensitive  to  fire  because  sprouts  only  orig- 
inate from  buds  beneath  bark  or  from  buds  in  branch 
axils.  Even  trees  with  thick  bark  can  only  survive  fires 
that  occur  in  sparse  fuels,  and  shrub-like  plants  are 
usually  killed  (Gruell  1985,  as  cited  in  McMurray 
1986a).  Plants  can  readily  establish  from  seed  after 
a  fire.  Fire  is  important  to  maintain  curl-leaf  moun- 
tain mahogany,  however,  as  plants  tend  to  lose  their 
ability  to  produce  seed  as  they  age. 

Chokecherry  prolifically  resprouts  after  fire  from 
buds  on  both  rhizomes  and  root  crowns,  and  postfire 
densities  often  increase  (McMurray  1 987a).  Most  au- 
thors report  that  cliffrose  is  severely  damaged  or 
killed  by  fire,  although  Wright  et  al.  (1979,  as  cited 
in  Holifield  1987b)  report  it  as  being  a  strong 
sprouter,  and  Neuenschwander  (as  cited  in  Holifield 
1987b)  stated  that  it  resprouts  well  in  western 
Nevada.  Its  sprouting  ability  may  vary  geographi- 
cally because  of  genetic  differences.  Serviceberry 
can  sprout  prolifically  from  its  root  crown  if  the  fire 
is  not  so  severe  as  to  kill  all  dormant  buds  and  may 
sprout  from  more  deeply  buried  rhizomes  if  the  root 
crown  is  killed  by  the  fire  (Bradley  1984).  Buds  of 
mountain  snowberry  are  located  on  the  root  crown 
about  1  inch  below  the  surface,  so  these  plants  can 
generally  sprout  after  low-severity  fires,  but  they 
may  be  killed  by  high-severity  fires  that  lethally  heat 
the  reproductive  buds  (McMurray  1986e). 

A  major  objective  for  burning  mountain  shrub 
communities  is  to  resize  them,  making  browse  more 
palatable  for  wildlife,  and  to  increase  accessibility  by 
reducing  shrub  thickets.  Wright  and  Bailey  (1982) 
cite  several  authors  who  feel  that  oakbrush  commu- 
nities should  not  be  burned  because  herbage  yield 
and  species  composition  are  not  improved  unless 
they  are  artificially  seeded.  Sites  burned  in  west  cen- 
tral Colorado  not  only  have  vigorous  resprouts  after 
August  prescribed  fires,  but  also  have  shown  excel- 
lent recovery  of  elk  sedge  (G.T.  Zimmerman,  pers. 
conv.  1989).  While  some  of  the  species  of  mountain 
shrub  communities  might  be  harmed  by  fires  that 
occur  under  extremely  dry  conditions,  most  pre- 
scribed fires  would  be  designed  to  enhance  sprout- 
ing or  establishment  of  new  individuals  from  seed. 


Pinyon-Juniper  Analysis  Region 


Trees 

Of  all  of  the  dominant  pinyon  and  juniper  species 
in  this  analysis  region,  alligator  juniper  is  the  only 
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one  that  will  reproduce  vegetatively  after  a  fire.  After 
some  fires  it  can  resprout  from  the  base,  from  shal- 
low roots,  or  from  buds  located  beneath  bark  along 
branches  or  the  trunk.  Large-diameter  trees  seem  to 
lose  their  sprouting  ability  (Bassett  1987,  as  cited  in 
Tirmenstein  1 988a).  Trees  as  young  as  1  year  old  can 
sprout,  so  even  though  young  trees  are  fairly  suscep- 
tible to  fire,  managing  these  sites  with  fire  is  difficult. 

Postfire  recovery  of  five  of  the  six  species  of 
pinyon  and  juniper  depends  on  seed  reproduction, 
and  thus  the  rate  of  reinvasion  depends  on  distance 
to  seed  source,  the  size  of  the  burned  area,  and  the 
presence  of  dispersal  agents.  Pinyons  and  junipers 
do  not  produce  seed  until  they  are  about  20  to  30 
years  old.  Seeds  are  dispersed  by  birds  and  animals. 
Pinyon  seeds  will  not  germinate  unless  they  are  bur- 
ied in  litter  or  soil,  so  rodent  caches  are  an  extremely 
important  postfire  seed  source.  Seed  of  oneseed  ju- 
niper may  remain  viable  for  a  long  time  while  buried 
in  the  soil  (Johnsen  1959,  as  cited  in  Tirmenstein 
1989a). 

Young  pinyon  and  juniper  trees,  up  to  about  4  feet 
high,  are  usually  killed  by  fire.  If  stands  are  still  open 
with  a  good  component  of  sagebrush  and  grasses, 
it  is  possible  for  fire  to  run  through  it  and  kill  the  trees 
(Bruner  and  Klebenow  1978).  Older  trees  generally 
become  more  fire  resistant  as  bark  thickens  and  the 
crown  becomes  more  open,  and  they  may  be  able 
to  survive  low-intensity  fires.  Large  pinyon  and  juni- 
per trees  require  fairly  heavy  accumulations  of  fine 
fuel  beneath  their  canopies  for  the  crown  to  be  ig- 
nited (Jameson  1962).  It  is  difficult  to  kill  trees  in 
fairly  closed  stands  of  pinyon-juniper  because  there 
is  little  live  or  dead  fuel  on  the  surface,  and  a  fire  will 
not  carry  unless  there  are  extremely  high  winds— a 
situation  where  risk  of  escape  of  a  prescribed  fire  is 
high. 

A  normal  treatment  in  pinyon-juniper  stands  is  to 
chain  or  manually  cut  the  trees,  leave  the  slash  scat- 
tered, wait  several  years  for  grasses  and  shrubs  to 
recover,  and  then  burn  the  site.  This  removes  most 
of  the  dead  fuel,  greatly  reduces  the  fire  hazard,  and 
kills  any  residual  or  newly  germinated  pinyon  and 
juniper  trees.  If  a  site  is  mechanically  or  manually 
treated  only,  it  will  probably  have  enhanced  forage 
and  browse  production  for  approximately  20  years. 
Prescribed  burning  the  site  about  3  to  5  years  after 
treatment,  once  an  understory  has  established,  will 
maintain  the  productive  character  of  the  site  for 
about  50  years  (West  1979,  as  cited  in  Tirmenstein 
1986e,  Wright  et  al.  1979,  as  cited  in  McMurray 
1986b).  Understory  recovery  in  pinyon  stands  is  very 
closely  related  to  the  type  and  number  of  residual 
plants  on  the  site  (McMurray  1986b,  McMurray 
1986c).  If  tree  dominance  has  seriously  depleted 
remnant  shrub,  forb,  and  grass  plants,  along  with  the 
soil  seed  reserve,  the  site  will  have  to  be  artificially 
reseeded  after  fire  (McMurray  1986b),  particularly  in 
areas  where  invasion  by  annual  grasses  is  possible. 


If  high  rates  of  forage  use  (which  reduces  fuels)  and 
fire  exclusion  continue  to  be  practiced  on  sites 
invaded  by  pinyon  juniper,  tree  density  will  continue 
to  increase,  and  pinyon  and  juniper  will  continue  to 
expand  onto  shrub-  and  grass-dominated  sites 
(Burkhardt  and  Tisdale  1976).  An  active  manage- 
ment program  that  includes  prescribed  fire  is  neces- 
sary to  reduce  the  amount  of  tree  encroachment  and 
maintain  the  character  and  productivity  of  the  orig- 
inal plant  community. 


Shrubs 

Western  serviceberry,  true  mountain  mahogany, 
chokecherry,  winterfat,  fourwing  saltbush,  rabbit- 
brush,  and  horsebrush  are  sprouting  shrubs  found 
in  association  with  pinyon-juniper  communities  that 
have  been  observed  to  resprout  vigorously  after  the 
fire  (Wright  et  al.  1979).  Bitterbrush,  broom  snake- 
weed, and  curl-leaf  mountain  mahogany  also  are 
sprouting  shrubs,  but  are  reported  to  be  more  sen- 
sitive to  burning  than  the  previously  listed  species 
(Klebenow  et  al.  1 976,  Wright  et  al.  1 979).  Depending 
on  plant  vigor,  location  of  dormant  buds,  burning 
conditions,  postfire  weather,  and  site  conditions, 
any  of  these  species  might  sprout  or  be  killed.  Big 
sagebrush  and  black  sagebrush  are  nonsprouting 
species  that  can  reestablish  quickly  from  seed 
(Wright  and  Bailey  1982). 


Grasses  and  Forbs 

Burning  grasses  of  pinyon-juniper  sites  results  in 
responses  similar  to  those  seen  in  sagebrush  com- 
munities. Large-diameter,  fine-leaved  bunchgrasses 
are  more  affected  than  small  bunchgrasses  with 
coarse  stems,  and  rhizomatous  species  tolerate  fire 
well  (Everett  1987b).  Perennial  forbs,  except  mat- 
forming  species,  such  as  Antennaria  species,  are 
generally  only  slightly  damaged  by  fire  (Wright  and 
Bailey  1982,  Everett  1987b). 

Cheatgrass  may  increase  after  burning  in  these 
communities  if  it  is  present  in  the  stand  or  in  the  area 
before  burning,  if  few  residual  native  bunchgrass 
plants  remain  on  the  site,  or  if  good  postfire  grazing 
management  practices  are  not  followed.  If  bunch- 
grass  communities  are  in  good  condition  when  the 
site  is  treated,  cheatgrass  may  persist  for  only  a  few 
years.  On  some  sites,  cheatgrass  may  never  appear 
(Klebenow  et  al.  1976). 


Mountain/Plateau  Grasslands 
Analysis  Region 

The  effect  of  fire  on  many  of  the  dominant  shrubs 
and  grasses  in  the  mountain/plateau  grasslands 
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analysis  region  was  discussed  in  some  detail  in  the 
Sagebrush  Analysis  Region  section,  earlier  in  this 
appendix.  Species  covered  in  that  section  include 
big  sagebrush,  rabbitbrush,  horsebrush,  western 
wheatgrass,  bluebunch  wheatgrass,  rough  fescue, 
Idaho  fescue,  and  needle-and-thread  grass.  The  lit- 
erature does  not  indicate  any  significant  differences 
in  fire  effects  for  these  species  that  are  characteris- 
tically related  to  the  analysis  region  in  this  section, 
so  the  information  will  not  be  repeated  here. 


Shrubs 

Other  important  shrubs  of  the  mountain/plateau 
grasslands  include  silver  sagebrush,  fringed  sage- 
brush, shrubby  cinquefoil,  and  prickly  pear  cactus. 
Plains  and  mountain  silver  sagebrush  are  different 
than  most  sagebrush  species  in  that  they  are  mod- 
erately resistant  to  fire,  being  able  to  produce 
sprouts  from  roots  and  rhizomes.  Sprouting 
decreases  as  fire  severity  and  heat  penetration  into 
the  soil  increases,  particularly  after  fall  fires  when 
the  soil  is  dry.  Silver  sagebrush  rapidly  regains  pre- 
burn  cover  after  spring  fires,  although  coverage  is 
decreased  significantly  after  many  fall  fires 
(McMurray  1987a,  McMurray  1987b). 

Fringed  sagebrush  is  reported  to  be  a  weak 
sprouter  after  fire  (Wright  et  al.  1979,  as  cited  in  Tir- 
menstein  1986c),  although  response  to  fire  is  vari- 
able. The  most  beneficial  effects  were  reported  after 
early  spring  fires  (Anderson  and  Bailey  1980,  as 
cited  in  Tirmenstein  1986c),  and  mortality  has  been 
reported  after  both  spring  and  fall  fires.  Fringed  sage- 
brush is  a  prolific  seed  producer,  and  seed  may 
remain  viable  for  many  years  and  germinate  when 
conditions  are  favorable.  Postfire  reproduction  from 
soil-stored  seed  does  occur. 

A  range  of  responses  to  fire  have  been  reported 
for  shrubby  cinquefoil.  The  plant  has  a  wide-ranging 
distribution  and  ecotypic  variability  that  affects  its 
ability  to  sprout.  Whether  a  particular  plant  sprouts 
after  a  fire  apparently  is  related  to  site  characteris- 
tics, season  of  burn,  fire  intensity,  and  burn  severity. 
Cinquefoil  produces  sprouts  from  buds  on  its  root 
crown,  rhizomes,  and  prostrate  stems  that  survived 
the  fire.  Survival  is  most  often  reported  after  spring 
fires.  Shrubby  cinquefoil  also  can  reestablish 
through  an  abundance  of  wind-dispersed  seed  (Tir- 
menstein 1987e). 

The  effect  of  fire  on  prickly  pear  varies  with  plant 
height,  stem  moisture  content,  and  the  amount  of 
associated  fuel,  because  the  plant  itself  will  not  burn 
(Humphrey  1974,  as  cited  in  Holifield  1987e).  It  can 
resprout  from  any  surviving  root  crowns  and  by  the 
adventitious  rooting  of  remaining  pads  (Holifield 
1987e).  Postfire  death  of  prickly  pear  often  is  caused 


by  postfire  damage  by  insects,  rodents,  rabbits,  and 
livestock,  or  by  dehydration  (Holifield  1987e). 


Grasses 

Important  native  grasses  of  the  mountain/plateau 
grasslands  that  have  not  been  previously  discussed 
include  rough  fescue,  oatgrasses,  and  mountain 
brome.  Rough  fescue  is  a  large-diameter,  coarse- 
stemmed  bunchgrass  that  seems  well  adapted  to 
periodic  burning.  It  is  susceptible  to  damage  from 
fires  during  hot,  dry  weather,  although  it  has  been 
benefited  by  spring  and  fall  prescribed  fires.  In  areas 
where  it  has  not  been  grazed  or  burned  for  many 
years,  accumulations  of  litter  may  ignite  and 
smolder  for  a  long  time  after  a  flaming  front  has 
passed,  causing  significant  basal  bud  mortality. 
Fescue  also  is  particularly  sensitive  to  burning  dur- 
ing the  active  growing  season  (Sinton  1980,  as  cited 
in  McMurray  1987e).  Antos  et  al.  (1983,  as  cited  in 
McMurray  1987e)  suggest  that  the  most  beneficial 
fire  frequencies  for  rough  fescue  are  approximately 
every  5  to  10  years.  Little  information  is  available 
about  the  response  of  oatgrasses  to  fire,  although 
other  oatgrass  species  in  the  Pacific  Northwest  are 
reported  to  be  moderately  resistant  to  fire.  One- 
spike  oatgrass,  a  densely  tufted  to  matted  perennial 
bunchgrass  was  reported  to  increase  in  basal  cover 
after  two  spring  prescribed  fires  in  southwest  Mon- 
tana (Nimir  and  Payne  1978).  Mountain  brome,  a 
short-lived  perennial  bunchgrass  with  shallow  roots, 
regained  76  percent  of  its  preburn  cover  within  12 
weeks,  as  compared  to  a  control,  after  one  of  those 
same  spring  fires  studied  by  Nimir  and  Payne. 

The  native  grass  species  of  the  Palouse  grass- 
lands of  eastern  Washington  and  Oregon  and  north- 
ern Idaho  include  bluebunch  wheatgrass,  Idaho 
fescue,  and  Sandberg  bluegrass.  They  have  been 
replaced  in  many  locations  by  introduced  exotics, 
including  Kentucky  bluegrass,  cheatgrass,  medusa- 
head,  and  other  bromes.  Severe  summer  fires  can 
kill  bluebunch  wheatgrass  and  Idaho  fescue  in  this 
area,  although  cover  of  these  plants  was  not  affected 
by  cool  fires  (Daubenmire  1970).  Cheatgrass  will 
continue  to  expand  at  the  expense  of  native  peren- 
nials because  it  is  so  widely  established  and  highly 
flammable.  It  will  burn  when  native  perennials  are 
still  actively  growing  and  much  more  sensitive  to  fire 
heating.  Medusahead  is  a  highly  flammable  exotic 
annual  that  is  capable  of  replacing  cheatgrass  on 
many  areas,  particularly  where  soils  have  high  clay 
content.  It  can  be  somewhat  controlled  with  fire  if 
it  is  burned  after  it  is  cured  but  before  seeds  are 
dispersed  from  the  stalk.  Many  of  the  seeds  are 
destroyed,  and  fewer  seedlings  will  germinate.  Me- 
dusahead will  then  offer  less  competition  to  the  seed- 
lings of  seeded  grasses  that  are  usually  sown  on 
these  sites  after  burning  (Ahlenslager  1987b). 
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Plains  Grassland  Analysis  Region 


Shrubs 

Many  of  the  shrubs  that  occur  in  the  mixed  and 
shortgrass  prairie  have  been  discussed  elsewhere  in 
this  appendix.  Effects  on  most  of  these  species  will 
be  only  briefly  mentioned  here.  Rabbitbrush  usually 
reproduces  both  by  sprouting  and  from  seeds  after 
a  fire,  although  seedling  reproduction  will  be  limited 
if  vigor  of  other  perennial  plants  is  high.  Snakeweed 
is  usually  killed  by  fire,  as  it  is  only  a  weak  sprouter. 
However,  it  can  rapidly  reestablish  by  seed  (Humph- 
rey 1984,  as  cited  in  Tirmenstein  1987c).  Fourwing 
saltbush  resprouts  vigorously  after  fire  but  also 
reproduces  from  seed.  The  effects  on  winterfat  vary, 
but  it  is  most  likely  to  sprout  after  light-severity  fires. 
Soapweed  yucca  resprouts  vigorously  from  rhi- 
zomes. The  effects  of  fire  on  silver  sage  and  prickly 
pear  were  described  in  detail  in  the  earlier  descrip- 
tion of  fire  effects  in  the  mountain/plateau  grass- 
lands. 

Other  important  species  are  honey  mesquite,  sand 
shinnery  oak,  cholla,  and  several  species  of  sumac. 
Honey  mesquite,  with  its  exceptional  ability  to  re- 
sprout,  is  almost  impossible  to  kill  by  burning  after 
it  is  about  1  foot  tall,  and  even  the  seedlings  are  fairly 
fire  tolerant  (Wright  et  al.  1976a,  as  cited  in  Wright 
and  Bailey  1982).  Sand  shinnery  oak  sprouts  prolif- 
ically  after  fire,  and  density  of  stems  has  been 
reported  to  increase  15  percent  after  burning  (Mcll- 
vain  and  Armstrong  1966,  as  cited  in  Wright  and  Bai- 
ley 1982).  Young  cholla  plants  can  be  killed  by  fire, 
but  those  taller  than  1  foot  were  hardly  damaged  by 
burning  in  New  Mexico,  probably  because  the  short 
grasses  could  not  generate  long  enough  flames  to 
hurt  the  upper  part  of  the  plants  (Dwyer  and  Pieper 
1967,  Heirman  and  Wright  1973,  both  as  cited  in 
Wright  and  Bailey  1982). 

Most  species  of  sumac  are  perennial  shrubs  or 
small  trees  with  a  dense  network  of  roots  and  rhi- 
zomes that  grow  3  to  12  inches  below  the  soil  sur- 
face. Sumac  species  usually  produce  many  sprouts 
after  a  fire  because  fire  heat  cannot  reach  all  of  the 
rhizomes.  Smooth  sumac  has  been  reported  to  in- 
crease in  density  even  after  severe  fires  (Wright 
1972,  as  cited  in  Tirmenstein  1988c).  Skunkbush 
sumac  sprouts  after  fire  from  both  rhizomes  and  root 
crowns  (Wasser  1982,  as  cited  in  Tirmenstein 
1988d).  Fragrant  sumac  sprouts  vigorously  after  fire 
in  the  southern  Great  Plains  (Wright  1972,  as  cited 
in  Tirmenstein  1987f),  although  Jackson  (1965,  as 
cited  in  Tirmenstein  1987f)  said  that  its  cover  was 
"permanently"  thinned  after  an  extremely  hot  fire  on 
the  Texas  Panhandle.  It  is  unclear  whether  sand 
sagebrush  sprouts  after  a  fire  (Wright  and  Bailey 
1982,  as  cited  in  Tirmenstein  1986b)  or  develops 
postfire  cover  by  seedling  development  (Jackson 


1965,  as  cited  in  Tirmenstein  1986b).  Fire  has  been 
observed  to  reduce  the  abundance  and  vigor  of 
silver  buffaloberry  (Wright  and  Bailey  1980). 

Grasses  and  Forbs 

Buffalograss  and  blue  grama  are  the  dominant 
grasses  of  the  shortgrass  prairie.  Buffalograss  is  a 
stoloniferous  perennial  grass  with  buds  that  lie  at  the 
surface.  Buds  may  be  protected  from  a  fire  by  a  litter 
layer,  if  present,  particularly  if  the  layer  is  moist.  Buf- 
falograss has  been  reported  to  both  increase  and 
decrease  after  spring  and  fall  fires.  In  one  case,  it 
responded  to  a  spring  fire  by  expanding  by  stolons 
and  producing  seed  in  the  first  growing  season.  Buf- 
falograss seed  is  somewhat  heat  resistant  because 
each  seed  is  protected  by  a  hardened  burr.  Of  seeds 
with  a  seed  coat,  52  percent  germinated  after  12 
hours  of  exposure  to  temperatures  that  killed  hulled 
seed  after  30  minutes  (Ahring  and  Todd  1977,  as 
cited  in  Winkler  1987b). 

Blue  grama  is  a  rhizomatous  perennial  grass  that 
forms  dense  sod  mats,  particularly  in  the  north  end 
of  its  range.  It  is  a  warm  season  grass  that  is  usually 
dormant  during  winter,  early  spring,  and  the  hottest, 
driest  part  of  the  summer.  If  burned  when  dormant, 
it  can  usually  reproduce  by  sprouting  from  rhi- 
zomes. It  generally  responds  best  to  fire  when 
burned  in  the  spring  when  soils  are  moist  and  dam- 
age to  rhizomes  is  minimized  (White  and  Currie 
1983c,  as  cited  in  Tirmenstein  1987b).  Postfire  pro- 
ductivity is  significantly  influenced  by  the  amount  of 
precipitation  received  (Wright  and  Bailey  1980),  with 
no  loss  in  herbage  yield  by  the  end  of  the  first  grow- 
ing season  in  wet  years. 

Annual  bluegrass  and  western  wheatgrass  may 
take  3  years  or  more  to  recover  after  fires  in  dry  years 
(Wright  and  Bailey  1982).  During  years  with  above- 
normal  spring  precipitation,  these  grass  species  can 
tolerate  fire  with  no  herbage  reduction  following  the 
first  growing  season  (Wright  1974).  Sand  dropseed 
is  somewhat  fire  resistant  because  it  has  loosely  clus- 
tered, coarse  stems  that  transfer  little  heat  to  growth 
points  below  the  surface  when  it  is  burning  (Ahlens- 
lager  1 988) .  As  is  true  for  many  other  plants,  it  seems 
to  be  most  susceptible  to  fire  when  conditions  are 
dry.  Galleta  is  a  coarse  stemmed,  strongly  rhizomat- 
ous grass  that  grows  in  bunches  but  can  form  an 
open  sod  (West  et  al.  1972,  as  cited  in  Holifield 
1987d).  It  produces  sprouts  from  rhizomes  after  fire 
and  recovers  quickly  after  winter  burns  when  soil 
moisture  is  sufficient  (Wright  1980).  Red  three-awn, 
Muhlenbergia  species,  and  wolftail  all  are  harmed  by 
fire  during  dry  years  but  tolerate  fire  better  during 
wet  years  (Dwyer  and  Pieper  1967,  Wright  1974). 
Seeds  of  red  three-awn  can  tolerate  up  to  116°  C 
(241°  F)  for  up  to  5  minutes  (Sampson  1944,  as  cited 
in  Winkler  1987a),  so  establishment  from  seed  after 
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fire  is  likely.  Burning  usually  increases  production 
of  sand  bluestem  and  switchgrass  but  decreases 
little  bluestem  production  where  these  grasses 
occur  (Wright  and  Bailey  1982). 

Important  mixed  prairie  grasses  include  tobosa 
grass  (see  the  effects  described  earlier  for  the  south- 
western shrubsteppe  region),  green  needlegrass, 
sideoats  grama,  prairie  sandreed  (reedgrass),  and 
sand  dropseed.  Green  needlegrass  is  similar  to  other 
needlegrasses  in  that  it  is  fairly  sensitive  to  fire, 
although  the  effect  can  be  moderated  by  burning 
conditions  and  site  characteristics.  Green  needle- 
grass is  most  negatively  affected  if  a  fire  occurs 
when  soils  are  dry  or  where  plants  are  large  in  diame- 
ter and  provide  more  fuel  (Wright  and  Klemmedson 
1965,  as  cited  in  Tirmenstein  1987]).  Sideoats  grama 
is  most  seriously  damaged  by  fire  during  very  dry 
years  and  is  tolerant  of  fire  during  exceptionally  wet 
years  (Wright  and  Bailey  1980)  or  when  it  is  dormant 
(Wasser  1982,  as  cited  in  Tirmenstein  1987a).  Prairie 
sandreed  is  a  strongly  rhizomatous  grass  that  is  fire 
tolerant  when  dormant,  and  it  revegetates  a  burned 
area  with  new  shoots  from  rhizomes.  It  has  re- 
sponded more  favorably  to  spring  fires  than  to  fall 
fires,  which  reduced  it  significantly  (Lyon  and  Stick- 
ney  1976,  as  cited  in  Uchytil  1988a).  Vine  mesquite 
and  Arizona  cottontop  do  well  after  fire  during  peri- 
ods of  good  soil  moisture  (Box  et  al.  1967,  Wink  and 
Wright  1973). 

The  tolerance  of  forbs  to  burning  depends  on  the 
timing  of  the  fire  relative  to  active  plant  growth 
(Wright  and  Bailey  1982).  Those  forbs  that  initiate 
growth  after  the  burning  season  are  least  affected, 
because  they  have  the  entire  growing  season  to 
recover  from  any  injury  that  may  have  been  caused 
by  fire. 


Coniferous/Deciduous  Forest 
Analysis  Region 

Prescribed  burning  can  be  an  effective  manage- 
ment tool  in  forested  vegetation  communities  in  the 
West.  Fire  is  used  to  reduce  surface  fuels  on  clear- 
cuts  as  well  as  in  the  understories  of  fire-resistant 
trees;  to  remove  understory  reproduction  in  ponde- 
rosa  pine,  Douglas  fir,  and  western  larch  forests, 
which  provides  a  fuel  ladder  to  the  overstory;  to  thin 
overstocked  stands  of  trees;  to  prune  lower 
branches  from  trees;  to  create  seedbed;  to  reduce 
vegetation  competition  with  naturally  regenerated 
or  planted  conifers;  to  enhance  forage  values;  to 
maintain  and  improve  browse  quality  and  quantity; 
and  to  rejuvenate  old  stands  of  deciduous  trees. 

Ponderosa  pine  and  western  larch  are  the  most 
fire-resistant  trees  in  the  EIS  area,  closely  followed 
by  Douglas  fir,  because  of  their  thick  bark  and  fairly 
deep-rooting  habits.  The  long  needles  and  large 


buds  of  ponderosa  pine  are  fire  resistant,  while  west- 
ern larch  buds  are  protected  from  fire  heat  because 
they  are  buried  in  corky  wood.  Fires  were  a  natural 
occurrence  in  the  understories  of  forests  dominated 
singly  or  by  mixtures  of  these  species.  Without  fire, 
understories  of  ponderosa  pine,  Douglas  fir,  larch, 
or  grand  fir  can  develop  beneath  the  canopies  of 
these  forests.  These  trees  not  only  compete  with  the 
overstory,  but  the  stands  tend  to  stagnate  because 
there  are  too  many  trees,  and  the  understory  trees 
pose  a  serious  fire  hazard  to  the  overstory  because 
they  can  carry  fire  into  their  crowns.  Understory 
burning  at  planned  intervals  is  the  best  way  to  man- 
age sites  with  these  dominant  tree  species.  If  all  fires 
are  excluded  from  these  forests  types,  which  histor- 
ically have  high  frequencies  of  understory  fire,  the 
result  can  be  the  eventual  weakening  of  the  stand, 
an  increase  in  activity  of  bark  beetles,  and  an 
increase  in  the  proportion  of  dead  trees.  Fuels  and 
bug-killed  trees  lead  to  stand-destroying  fires.  Many 
acres  in  the  American  West  have  had  fire  excluded 
for  50  to  75  years,  and  some  of  the  fires  in  recent 
years  are  likely  a  result  of  the  accumulation  of  fuels 
and  insect  activity. 

Slash  from  thinning  and  selective  logging  can  be 
burned  to  reduce  the  fire  hazard,  without  harming 
the  residual  trees  in  these  communities.  Ponderosa 
pine  is  generally  not  clearcut,  but  clearcuts  in  Dou- 
glas fir  and  western  larch  are  often  burned  to  man- 
age the  fuels,  prepare  seedbed  and  planting  spots, 
and  manage  competing  plants.  Without  fire,  ponder- 
osa pine  and  Douglas  fir  sometimes  invade  grass- 
lands, and  prescribed  fire  can  be  easily  used  to  elim- 
inate these  trees  when  they  are  young. 

Lodgepole  pine,  limber  pine,  any  of  the  spruces, 
grand  fir,  and  subalpine  fir  are  fairly  fire  sensitive 
because  of  their  thin  bark  and  shallow  roots.  Sub- 
alpine fir  also  has  an  extremely  flammable  crown.  A 
natural  cycle  in  these  forests  is  for  bark  beetle  infes- 
tations to  occur  in  mature  or  old  trees,  with  resultant 
increased  fire  hazard  because  of  the  dead  trees  and 
an  eventual  stand-replacing  fire.  Prescribed  fire  has 
a  role  in  managing  logging  slash  from  these  forests, 
but  prescribed  underbuming  is  not  a  standard  prac- 
tice, as  many  of  these  species  can  be  killed  by  fires 
of  even  low  intensity.  Encroachment  of  these  spe- 
cies into  mountain  meadows  can  be  controlled  with 
prescribed  fire. 

The  relatively  thin  bark  of  aspen  makes  it  fairly  sen- 
sitive to  fire,  and  the  overstory  is  generally  killed  by 
fires  with  flames  longer  than  approximately  2  feet  if 
they  are  sustained  for  a  minute  or  more  (Brown  and 
Simmerman  1986).  However,  the  species  sprouts 
prolificallyfrom  its  root  buds  afterburning,  with  max- 
imum sprouting  usually  occurring  after  moderate  se- 
verity fires  (Brown  and  Simmerman  1986).  The  lack 
of  understory  herbaceous  fuel  caused  by  livestock 
grazing  precludes  the  occurrence  of  fire  in  most 
aspen  stands  (Jones  and  DeByle  1985).  Without  fire, 
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conifers  invade  many  aspen  stands,  gradually  elim- 
inating the  aspen,  as  aspen  sucker  replacement 
often  is  insufficient  to  replace  overstory  aspen  mor- 
tality (Schier  1975).  Aspen  communities  on  sites  not 
suited  for  conifer  establishment  may  eventually  be 
replaced  by  grasses  and  shrubs  (Schier  et  al.  1985). 
Suckering  is  prevented  by  the  presence  of  mature 
trees  as  the  trees  and  roots  gradually  deteriorate.  Be- 
cause of  this  phenomenon  a  loss  of  aspen  stands  has 
been  observed  in  several  Western  States.  A  fire  that 
occurs  in  an  aspen  stand  that  is  still  producing  a  few 
suckers  or  in  a  mixed  aspen-conifer  stand  is  likely 
to  result  in  the  rejuvenation  of  the  aspen  stand.  The 
amount  of  postf  ire  suckering  is  enhanced  by  warmer 
soil  temperatures,  which  usually  occur  as  a  result  of 
the  blackened  soil  surface  and  reduced  thickness  of 
the  litter  and  organic  layer  (Jones  and  DeByle  1985). 
As  is  true  for  rangeland  sites,  an  aspen  site  must  be 
rested  from  grazing  until  the  community  recovers  to 
some  degree  (Brown  and  Simmerman  1986).  Wild- 
life use  can  be  regulated  to  some  extent  if  a  large 
enough  burned  area  is  selected  or  if  several  areas 
in  the  same  general  vicinity  are  burned,  thus  dispers- 
ing use  over  a  greater  acreage. 

The  effect  of  prescribed  underburning  in  commu- 
nities that  contain  ponderosa  pine,  Douglas  fir,  or 
western  larch  depends  on  the  associated  tree  spe- 
cies, the  understory  species  present  on  the  site,  sea- 
son of  the  fire,  and  fuel,  duff,  and  soil  moisture  con- 
ditions at  the  time  of  the  fire.  Whether  natural  fuels 
or  thinning  slash  is  being  burned,  prescriptions  can 
be  selected  that  will  minimize  the  impacts  on  these 
three  conifers,  because  their  morphology  makes 
them  fire  resistant.  Flame  lengths  can  be  minimized, 
and  the  amount  of  consumption  of  large-diameter 
fuels  that  could  harm  cambium  or  roots  can  be  lim- 
ited. Other,  less  fire-tolerant  conifers,  such  as  grand 
fir,  could  be  harmed  by  a  fire  that  would  not  hurt  the 


ponderosa,  Douglas  fir,  or  larch.  However,  if  fire  sup- 
pression has  been  effective  in  these  forests  for  many 
years,  the  presence  of  any  less  fire-resistant  con  iters 
is  the  result  of  the  exclusion  of  fire.  Care  will  have 
to  be  taken  in  underburning  these  stands  to  prevent 
harm  to  the  fire-resistant  conifers  caused  by  the 
unnatural  presence  of  fire-sensitive  conifers  that 
may  be  intermixed  with  them. 

The  understories  of  these  communities  are  all 
adapted  to  fire.  Some  later  successional  species  that 
may  have  established  because  of  fire  exclusion 
might  not  be  favored,  but  the  natural  shrub,  forb,  and 
grass  associates  of  these  species  would  recover  by 
sprouting  or  from  seed  stored  in  the  forest  soil 
organic  layer  (duff)  afterf  ire.  The  exact  response  var- 
ies by  fire  prescription,  season,  moisture  condition, 
and  plant  species— a  topic  that  would  be  covered  in 
a  site-specific  environmental  assessment. 

Slash  burning  potentially  could  do  more  harm  to 
a  site  than  prescribed  underburning  because  of  the 
presence  of  large  amounts  of  slash  on  the  soil  sur- 
face. An  objective  for  slashburning  may  be  to  kill 
some  of  the  understory  species,  so  less  competition 
is  present  for  trees  that  might  be  planted.  Specific 
ranges  of  moisture  content  of  large-diameter  fuels, 
duff,  and  soil  can  be  selected  for  the  prescribed  fire 
prescription  that  will  have  the  desired  effect  on 
understory  vegetation,  with  consideration  given  to 
the  effects  of  burning  on  the  soil.  One  obvious  effect 
of  this  treatment,  which  is  perhaps  moreclosely  asso- 
ciated with  the  removal  of  the  forest  overstory  than 
with  the  burning  itself,  is  that  plants  that  require  sun- 
light will  do  better  after  the  treatment  than  those  that 
require  shade.  This  change  in  dominant  species,  or 
species  present,  would  persist  until  the  forest  over- 
story again  develops  to  the  point  where  it  provides 
a  good  cover  of  shade. 
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SPECIES  SCIENTIFIC  NAMES 


This  appendix  contains  a  list  of  the  common  and 
scientific  names  for  wildlife  and  vegetation  species 
mentioned  in  the  text.  A  dagger  ( f )  indicates  the 
plant  species  that  have  been  identified  as  target  spe- 
cies in  particular  States.  See  Appendix  I  for  this  list. 


Table  G-1 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Mammals 

Antelope,  Pronghorn 

Antelope,  Sonoran  Pronghorn 

Badger 

Bat,  Sanborn's  Long-nosed 

Bear,  Black 

Bear,  Grizzly 

Beaver 

Bison,  American 

Bobcat 

Caribou,  Woodland 

Cat,  Ringtail 

Chipmunk,  Least 

Coati 

Cottontail,  Desert 

Cottontail,  Pygmy 

Coyote 

Deer,  Mule 

Deer,  White-tailed 

Deer,  Coves'  White-tailed 

Elk 

Ferret,  Black-footed 

Flying  Squirrel,  Northern 

Fox,  Gray 

Fox,  Kit 

Goat,  Mountain 

Gopher,  Pocket 

Ground  Squirrel,  Columbia 

Ground  Squirrel,  Golden  Mantled 

Jackrabbit,  Black-tailed 

Jackrabbit,  White-tailed 

Jaguarundi 

Lion,  Mountain 

Moose 

Mouse,  Brush 

Mouse,  Deer 

Mouse,  Little  Pocket 

Mouse,  Pinyon 

Mouse,  Southern  Grasshopper 

Mouse,  White-footed 

Ocelot 

Oppossum 

Peccary,  Collared 

Prairie  Dog,  Black-tailed 


Antllocapra  americana 

Antilocapra  americana  sonoriensis 

Taxidea  taxus 

Leptonycteris  sanborni 

Ursus  americanus 

Ursus  arctos  horribilis 

Castor  canadensis 

Bison  bison 

Lynx  rufus 

Rangifer  tarandus 

Bassarlscus  astutus 

Eutamias  minimus 

Nasua  nasua 

Sylvilagus  audubonii 

Sylvilagus  idahoensis 

Canis  latrans 

Odocoileus  hemionus 

Odocoileus  virginianus 

Odocoileus  virginianus  couesi 

Cervus  elaphus 

Mustela  nigripes 

Glaucomys  sabrinus 

Urocyon  cinereoargenteus 

Vulpes  macrotes 

Oreamnos  americanus 

Thomomys  spp. 

Spermophilus  columbianus 

Spermophilus  lateralis 

Lepus  californicus 

Lepus  towsendii 

Felis  yagouaroundi  tolteca 

Felis  concolor 

Alces  alces 

Peromyscus  boylii 

Peromyscus  maniculatus 

Perognathus  longimembris 

Peromyscus  truei 

Onychomys  torridus 

Peromyscus  truei 

Felis  pardalis 

Didelphis  marsupialis 

Pecari  angulatus 

Cynomys  ludovicianus 
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Table  G-1  (Continued) 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Mammals  (Continued) 

Prairie  Dog,  Utah 

Prairie  Dog,  White-taiied 

Raccoon 

Rat,  Bannertail  Kangaroo 

Rat,  Desert  Kangaroo 

Rat,  Desert  Wood 

Rat,  Great  Basin  Kangaroo 

Rat,  Merriam's  Kangaroo 

Rat,  Ord's  Kangaroo 

Rat,  White-throated  Wood 

Rat,  Wood 

Sheep,  Bighorn 

Sheep,  Desert  Bighorn 

Skunk,  Spotted 

Skunk,  Striped 


Cynomys  parvidens 
Cynomys  leucurus 
Procyon  lotor 
Dipodomys  spectabilis 
Dipodomys  deserti 
Neotoma  lepida 
Dipodomys  microps 
Dipodomys  merriami 
Dipodomys  ordii 
Neotoma  albigula 
Neotoma  sp. 
Ovis  canadensis 
Ovis  canadensis  nelsoni 
Spilogale  putorius 
Mephitus  mephitis 


bquirrel,  Abert  s 
Squirrel,  Harris'  Antelope 

Sciurus  aberti 
Ammospermophilus  harrisii 

Squirrel,  Kaibab 

Sciurus  aberti  kaibababensis 

Squirrel,  Red 

Tamiasciurus  hudsonicus 

Squirrel,  Rock 

Spermophilus  variegatus 

Squirrel,  White-tailed  Antelope 

Ammospermophilus  leucurus 

Vole,  Sagebrush 

Lagurus  curtatus 

Wolf,  Gray 

Canis  lupus 

Birds 

Bluebird,  Western 

ialia  mexicana 

Chickadee,  Mountain 

arus  gambeli 

Crane,  Whooping 

Grus  americana 

Cuckoo,  Yellow-billed 

Coccyzus  americanus 

Dove,  Common  Ground 

Columbina  passerina 

Dove,  White-winged 

Zenaida  asiatica 

Eagle,  Bald 

Haliaeetus  leucocephalus 

Eagle,  Golden 

Aquila  chrysaetos 

Falcon,  American  Peregrine 

Falco  peregrinus  anatum 

Falcon,  Northern  Aplomado 

Falco  femoralis  septentrionalis 

Falcon,  Prairie 

Falco  mexicanus 

Finch,  Cassin's 

Carpodacus  cassisii 

Flicker,  Northern 

Colaptes  auratus 

Flycatcher,  Ash-throated 

Myiarchus  cinerascens 

Flycatcher,  Gray 

Empidonax  wrightii 

Flycatcher,  Vermilion 

Pyocephalus  rubinus 

Flycatcher,  Western 

Empidonax  difficilis 

Goshawk,  Western 

Accipiter  gentilis 

Grouse,  Blue 

Dendragapus  obscurus 

Grouse,  Ruffed 

Bonasa  umbellus 

Grouse,  Sage 

Centrocercus  urophasianus 

Grouse,  Sharp-tailed 

Pedioecetes  phasianellus 

Hawk,  Ferruginous 

Buteo  regalis 

Hawk,  Harris' 

Parabuteo  unicinctus 

Hawk,  Marsh 

Circus  cyaneus 

Hawk,  Red-tailed 

Buteo  jamaicensis 

Hawk,  Swainson's 

Buteo  swainsonii 

Hawk,  Zone-tailed 

Buteo  albonotatus 

Hummingbird,  White-eared 

Hylocharis  leucotis 

Jay,  Gray-breasted 

Aphelocoma  ultramarine 

Jay,  Pinyon 

Gymnorhinus  cyanocephalus 

Jay,  Scrub 

Aphelocoma  coerulescens 

Jay,  Stellar's 

Cyanocitta  stelleri 
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Table  G-1  (Continued) 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Birds  (Continued) 

Junco,  Dark-eyed 

Kestrel,  American 

Killdeer 

Lark,  Horned 

Lark,  Western  Meadow 

Longspur,  McCown's 

Magpie,  Black-billed 

Nighthawk,  Lesser 

Nutcracker,  Clark's 

Nuthatch,  Pygmy 

Nuthatch,  Red-breasted 

Owl,  Burrowing 

Owl,  Elf 

Owl,  Saw-whet 

Partridge,  Chukar 

Phainopepla 

Pigeon,  Band-tailed 

Plover,  Piping 

Prairie-Chicken 

Pyrrhuloxia 

Quail,  Gambel's 

Quail,  Montezuma 

Quail,  Mountain 

Quail,  Scaled 

Rail,  Yuma  Clapper 

Raven,  Chihuahuan 

Raven,  Common 

Sapsucker,  Williamson's 

Screech-owl,  Whiskered 

Shrike,  Loggerhead 

Sparrow,  Black-chinned 

Sparrow,  Sage 

Sparrow,  Vesper 

Tanager,  Western 

Tern,  Least 

Thrasher,  Bendire's 

Thrasher,  Sage 

Thrush,  Swainson's 

Titmouse,  Bridled 

Titmouse,  Plain 

Towhee,  Abert's 

Towhee,  Rufous-sided 

Turkey,  Wild 

Verdin 

Warbler,  Black-throated  Gray 

Warbler,  Lucy's 

Woodpeewee,  Western 

Woodpecker,  Acorn 

Woodpecker,  Strickland's 

Wren,  Bewick's 

Wren,  Cactus 

Wren,  Canyon 

Wren,  Rock 

Wrentit 

Reptiles  and  Amphibians 

Bullfrog 
Bullsnake 


Junco  hyemalis 

Falco  sparverius 

Charadrius  vociferus 

Eremophila  alpestris 

Stumella  neglecta 

Rhynochophanes  mccownii 

Pica  pica 

Chordeiles  minor 

Nucifraga  columbiana 

Sitta  pygmaea 

Sitta  canadensis 

Athene  cunicularia 

Micrathene  whitney 

Aegolius  acadicus 

Alectoris  chukar 

Phainopepla  nitens 

Columba  fasciata 

Charadrius  melodus 

Tympanuc  hus  spp. 

Cardinalis  sinuatus 

Callipepla  gambelii 

Cyrontyx  montezumae 

Oreortyx  pictus 

Callipela  squamata 

Rallus  longirostris  yumanensis 

Corvus  cryptoleucus 

Corvus  corax 

Sphyrapicus  thyroideus 

Otus  asio 

Lanius  ludovicianus 

Spizella  atrogularis 

Amphispiza  belli 

Pooecetes  gramineus 

Piranga  ludoviciana 

Sterna  albifrons 

Toxostoma  bendirei 

Oreoscoptes  montanus 

Catharus  ustulatus 

Paws  wollweberi 

Parus  inornatus 

Pipilo  aberti 

Pipilo  erythrophthalmus 

Meleagris  gallopavo 

Auriparus  flaviceps 

Dendroica  nigrescens 

Vermivora  luciae 

Contopus  sordidulus 

Melanerpes  formicivorus 

Picoides  stricklandi 

Thryomanes  bewickii 

Campylorhynchus  brunneicapillus 

Catherpes  mexicanus 

Salpinctes  obsoletus 

Chamaea  fasciata 

Rana  catesbeiana 
Pituophis  sp. 
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Table  G-1  (Continued) 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Reptiles  and  Amphibians 
(Continued) 

Frog,  Leopard 

Frog,  Rio  Grande  Leopard 

Gila  Monster 

Lizard,  Collared 

Lizard,  Horned 

Lizard,  Lesser  Earless 

Lizard,  Round-tailed  Horned 

Lizard,  Sagebrush 

Lizard,  Southern  Prairie 

Lizard,  Side-blotched 

Lizard,  Tree 

Massasauga 

Rattlesnake,  Great  Basin 

Rattlesnake,  Western 

Rattlesnake,  Western  Diamondback 

Salamander,  Blotched  Tiger 

Salamander,  Tiger 

Sidewinder 

Skink,  Great  Plains 

Skink,  Western 

Snake,  California  King 

Snake,  Common  Garter 

Snake,  Glossy 

Snake,  Night 

Snake,  Mexican  Garter 

Snake,  Pine  Gopher 

Snake,  Plains  Garter 

Snake,  Striped  Whip 

Snake,  Wandering  Garter 

Snake,  Western  Hognosed 

Snake,  Western  Hooknosed 

Snake,  Western  Terrestrial  Garter 

Spadefoot,  Plains 

Spadefoot,  Western 

Toad,  Great  Plains 

Toad,  Green 

Toad,  Wyoming 

Tortoise,  Desert 

Turtle,  Western  Box 

Whiptail,  Desert  Grassland 

Whiptail,  Plateau 

Whiptail,  Spotted 

Whiptail,  Western 

Fish 

Bass,  Largemouth 

Bluegill 

Carp,  Asian 

Catfish,  Channel 

Catfish,  Yaqui 

Chub,  Bonytail 

Chub,  Borax  Lake 

Chub,  Chihuahua 

Chub,  Humpback 

Chub,  Pahranagat  Roundtail 

Chub,  Roundtail 

Chub,  Sonora 

Chub,  Yaqui 


Rana  pipiens 

Rana  pipiens  berlandieri 

Heloderma  suspectum 

Crotaphytus  collaris 

Phrynosoma  spp. 

Holbrookia  maculata 

Phrynosoma  modestum 

Sceloporus  graciosus 

Sceloporus  unduiatus  consobrinus 

Uta  stansburiana 

Urosaurus  ornatus 

Sistrurus  catenatus 

Crotalis  viridis 

Crotalus  viridis 

Crotalus  atrox 

Ambystoma  tigrinum  melanostictum 

Ambystoma  tigrinum 

Crotalus  cerastes 

Eumeces  obsoletus 

Eumeces  skiltonianus 

Lampropeltis  getulus  californiae 

Thamnophis  spp. 

Arizona  elegans 

Hypsiglena  torquata  texana 

Thamnophis  eques 

Pituophis  melanoleucus 

Thamnophis  radix 

Masticophis  taeniatus 

Thamnophis  elegans  vagrans 

Heterodon  nasicus 

Ficimia  cana 

Thamnophis  elegans 

Scaphiopus  bombifrons 

Scaphiopus  hammondi 

Bufo  cognatus 

Bufo  debilis 

Bufo  hemiophrys  baxteri 

Gopherus  agassizii 

Terrapene  ornata 

Cnemidophorus  uniparens 

Cnemidophorus  velox 

Cnemidophorus  sacki 

Cnemidophorus  tigris 

Micropterus  salmoides 
Lepomis  macrochirus 
Cyprinus  carpio 
Ictalurus  punctatus 
Ictalurus  price! 
Gila  elegans 
Gila  boraxobius 
Gila  nigrescens 
Gila  cypha 
Gila  robusta  jordani 
Gila  robusta 
Gila  ditaenia 
Gila  purpurea 
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Table  G-1  (Continued) 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Fish  (Continued) 

Crappie 

Cui-ui 

Dace,  Ash  Meadows  Speckled 

Dace,  Desert 

Dace,  Longfin 

Dace,  Speckled 

Gambusia,  Pecos 

Killifish,  Pahrump 

Minnow 

Minnow,  Loach 

Perch,  Yellow 

Pupfish,  Ash  Meadows  Amaragosa 

Pupfish,  Desert 

Pupfish,  Devil's  Hole 

Pupfish,  Warm  Springs 

Salmon,  Coho 

Salmon,  Pacific 

Shad,  Gizzard 

Shiner,  Beautiful 

Spikedace 

Spinedace,  Big  Spring 

Spinedace,  White  River 

Springfish,  Hiko  White  River 

Springfish,  Railroad  Valley 

Springfish,  White  River 

Squawfish 

Squawfish,  Colorado  River 

Stoneroller,  Central 

Sucker 

Sucker,  Lost  River 

Sucker,  Warner 

Sunfish,  Green 

Topminnow,  Gila  (Yaqui) 

Trout,  Apache 

Trout,  Brook 

Trout,  Brown 

Trout,  Cutthroat 

Trout,  Gila 

Trout,  Lahontan  Cutthroat 

Trout,  Rainbow 

Trout,  Steelhead 

Walleye 

Woundfin 

Invertebrates 

Ant,  Harvester 

Ant,  Rough  Harvester 

Bee,  Honey 

Beetle,  Desert  Skunk 

Beetle,  Three-lined  Potato 

Bumblebee,  Golden  Northern 

Butterfly,  Acmon  Blue 

Butterfly,  Alfalfa  Looper 

Butterfly,  Becker's  White 

Butterfly,  Blue 

Butterfly,  California  Sister 

Butterfly,  Chalcedona  Checkerspot 

Butterfly,  Common  Checkered  Skipper 


Pomoxis  spp. 

Chasmistes  cujus 

Rhinichthys  osculus  nevadensis 

Eremichthys  acros 

Agosia  chrysogaster 

Rhinichthys  osculus 

Gambusia  nobilis 

Empetrichthys  latos 

Cyprinidae  spp. 

Tiaroga  cobitis 

Perca  flavescens 

Cyprinodon  nevadensis  mionectes 

Cyprinodon  macularius 

Cyprinodon  diabolis 

Cyprinodon  nevadensis  pectoralis 

Oncorhynchus  kisutch 

Oncorhynchus  spp. 

Dorosoma  cepedianum 

Notropis  formosus 

Meda  fulgida 

Lepidomeda  mollispinis  pratensis 

Lepidomeda  albivallis 

Crenichthys  baileyi  grandis 

Crenichthys  baileyi  nevadea 

Crenichthys  baileyi 

Ptychochelius  spp. 

Ptychochelius  lucius 

Campostoma  anomalum 

Catostomidae 

Deltistes  luxatus 

Catostomus  warnerensis 

Lepomis  cyanellus 

Poeciliopsis  occidentalis 

Salmo  apache 

Salvelinus  fontinalis 

Salmo  trutta 

Salmo  clarki 

Salmo  gilae 

Salmo  clarki  henshawi 

Salmo  gairdneri 

Salmo  gairdneri 

Stizostedion  vitreum  vitreum 

Plagopterus  argentissimus 

Pogonomyrmex  barbatus 
Pogonomyrmex  rugosus 
Apis  mellifera 
Eleodes  armata 
Lema  trilineata 
Bumbus  ferridus 
Plebejus  acmon 
Autographa  californica 
Pontia  beckerii 
Polyommatinae 
Adelpha  bredowii 
Euphydryas  chalcedona 
Pyrgus  communis 
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Table  G-1  (Continued) 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Invertebrates  (Continued) 

Butterfly,  Copper 

Butterfly,  Dark  Zebra  Swallowtail 

Butterfly,  Lorquin's  Admiral 

Butterfly,  Monarch 

Butterfly,  Mylitta  Cresent-spot 

Butterfly,  Northwest  Ringlet 

Butterfly,  Orange-bordered  Blue 

Butterfly,  Oregon  Silverspot 

Butterfly,  Prairie  Ringlet 

Butterfly,  Sleepy  Orange 

Butterfly,  Small  Checkered  Skipper 

Butterfly,  West  Coast  Lady 

Butterfly,  Western  Sister 

Butterfly,  Western-tailed  Blue 

Cricket,  Field 

Grasshopper,  Panther-spotted 

Isopod,  Soccoro 

Katydid,  Broad-winged 

Moth,  Barnes'  Tiger 

Moth,  Greasewood 

Moth,  Hawk 

Moth,  Leafy  Spurge  Hawk 

Moth,  Ornate  Tiger 

Moth,  Tiger 

Naucorid,  Ash  Meadows 

Scorpion,  Centruroides 

Spider,  Golden  Huntsman 

Spider,  Metaphid  Jumping 

Tarantula,  American 

Tarantula,  Desert 

Wasp,  White  Grub 

Shrubs,  Trees  and  Succulents 

Acacia 

Agave,  Arizona 
All  Scale 
Allthorn 
Ash 

Aspen,  Quaking 
Birch,  River 
Birch,  Water 
Bitterbrush 
Blackbrush 
Blackgum 

Blazingstar,  Ash  Meadows 
Boxelder 
Bricklebush 
Broom,  Desert 
Buckbrush 
Buckwheat 
Buffaloberry,  Silver 
fBurroweed 
Bursage 
Cacti,  Arizona  Hedgehog 

Cacti,  Barrel 

Cacti,  Brady  Pincushion 

Cacti,  Bunched  Cory 


Lycaena 

Eurytides  philolaus 

Limentis  lorquini 

Danaus  plexippus 

Phyciodes  mylitta 

Coenonympha  ampelos 

Lycaeides  melissa 

Speyeria  zerene  hippolyta 

Coenonympha  inornata 

Eurema  nicippe 

Pyrgus  scriptura 

Vanessa  annabella 

Adelpha  bredowii 

Everes  amyntula 

Gryllus  pennsylvanicus 

Poecilotettix  pantherina 

Thermosphaeroma  thermophilus 

Microcentrum  rhombifolium 

Ozadamia  barnesil 

Agapema  gaibina 

Sphingidae 

Hyles  euphorbiae 

Apnathesis  ornata 

Arctiidae 

Ambrysus  amargosus 

Centruroides  spp. 

Olios  fasciculatus 

Metaphidippus  spp. 

Dugesiella  hentzi 

Aphonopelma  chalcodes 

Triscolia  ardens 

Acacia  spp. 

Agave  arizonica 

Atriplex  poly  car  pa 

Koeberlinia  spinosa 

Fraxinus  spp. 

Populus  tremuloides 

Betula  nigra 

Betula  occidentalis 

Purshia  tridentata 

Coleogyne  ramosissima 

Nyssa  sylvatica 

Mentzelia  leucophylla 

Acer negundo 

Brickellia  spp. 

Baccharis  sarothroides 

Ceanothus  cuneatus 

Eriogonum  spp. 

Shepherdia  argentea 

Haplopappus  tenuisectus 

Ambrosia  dumosa  and  A.  deltoidea 

Echinocereus  triglochidiatus  var. 

arizonicus 

Ferocactus  spp. 

Pediocactus  bradyi 

Coryphantha  vamillosa 
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Table  G-1  (Continued) 

Species  Scientific  Names 

Common  Name 

Scientific  Name 

Shrubs,  Trees  and  Succulents 

(Continued) 

Cacti,  Hedgehog 

Echinocereus  spp. 

Cacti,  Knowlton 

Pediocactus  knowltoni 

Cacti,  Kuenzler  Hedgehog 

Echinocereus  fendlerl  var.  kuenzleri 

Cacti,  Lee  Pincushion 

Coryphantha  sneedii  var.  leei 

Cacti,  Mesa  Verde 

Sclerocactus  mesae-verdae 

Cacti,  Nellie  Cory 

Coryphanta  minima 

Cacti,  Peebles  Navajo 

Pediocactus  peeblesianus  var. 

peeblesianus 

Cacti,  Prickly  Pear 

Opuntia  spp. 

Cacti,  San  Rafael 

Pediocactus  despainii 

Cacti,  Sneed  Pincushion 

Coryphanta  sneedii  var.  sneedi 

Cacti,  Spineless  Hedgehog 

Echinocereus  triglochidiatus  var. 

inermis 

Candelilla 

Euphorbia  antisyphilitica 

fCeanothus 

Ceanothus  spp. 

Chokecherry 

Prunus  virginiana 

fCholla 

Opuntia  spp. 

Cinquefoil  (shrubby) 

Potentilla  spp. 

Cliffrose 

Cowania  mexicana 

Cliffrose,  Arizona 

Cowania  subintegra 

Cottonwood 

Populus  fremontii;  Populus 

trichocarpa;  Populus  angustifolia 

fCreosotebush 

Larrea  tridentata 

Currant 

Ribes  spp. 

Cycladenia,  Jones 

Cycladenia  humilis  var.  jonesii 

Cypress,  Bald 

Taxodium  distichum 

Dogwood 

Cornus  stolonifera 

fElderberry 

Sambucus  canadensis 

Elm 

Ulmus  spp. 

Fir,  Douglas 

Pseudotsuga  menziesii 

Fir,  Grand 

Abies  grandis 

Fir,  Subalpine 

Abies  lasiocarpa 

Fir,  White 

Abies  concolor 

Grass,  Bear 

Nolina  spp. 

fGreasewood 

Sarcobatus  vermiculatus 

Hackberry 

Celtis  reticulata 

Hawthorn,  Black 

Crataegus  douglasii 

Hemlock,  Western 

Tsuga  heterophylla 

Hollyleaf  Buckthorn 

Rhamnus  crocea 

Hopsage,  Spiny 

Grayia  spinosa 

Horsebrush 

Tetradymia  spp. 

Indigobush 

Dalea  spp. 

Ironweed 

Olneya  tesota 

Ironwood 

Vernonia  spp. 

Javelina-bush 

Condalia  ericoides 

Jojoba 

Simmondsia  chinensis 

Joshua-tree 

Yucca  brevifolia 

Juniper,  Alligator 

Juniperus  depeana 

tJuniper,  One-seed 

Juniperus  monosperma 

Juniper,  Rocky  Mountain 

Juniperus  scopulorum 

Juniper,  Utah 

Juniperus  osteosperma 

Juniper,  Western 

Juniperus  occidentalis 

Kinnikinnick 

Arctostaphy  los  uva-ursi 

Larch,  Western 

Larix  occidentalis 

Lavendar,  Desert 

Hyptis  emoryi 

Lechuguilla 

Agave  lechuguilla 

Locust,  Black 

Robinia  pseudoacacia 
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Table  G-1  (Continued) 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Shrubs,  Trees  and  Succulents 
(Continued) 

Locust,  Honey 
Locust,  New  Mexico 
Manzanita,  Pointleaf 
Manzanita,  Pringle 
Maple,  Big-tooth 
fMesquite 
Mesquite,  Honey 
Mesquite,  Velvet 
Mimosa 
Mormon  Tea 
Mountain  mahogany 

fMulberry 
fNine-bark 

Oak,  Emory 
fOak,  Gambel 

Oak,  Gray 
fOak,  Shrub  Live 

Ocotillo 

Palo  Verde,  Blue 

Pickleweed 

Pine,  Bristle  Cone 

Pine,  Limber 

Pine,  Lodgepole 

Pine,  Ponderosa 

Pine,  Western  White 

Pine,  White  Bark 

Pinyon,  Doubleleaf 

Pinyon,  Mexican 

Pinyon,  Singleleaf 

Plume,  Apache 

Rabbitbrush,  Big 

Rabbitbrush,  Little 

Redcedar,  Western 

Rose,  Wild 

Sagebrush,  Basin  Big 
fSagebrush,  Big 

Sagebrush,  Black 

Sagebrush,  Fringed 

Sagebrush,  Low 

Sagebrush,  Mountain  Big 
fSagebrush,  Sand 

Sagebrush,  Silver 

Sagebrush,  Wyoming  Big 

Saguaro 
fSaltbush,  Fourwing 

Saltbush,  Gardner 

Saltbush,  Mat 
f  Saltcedar  (tamarisk) 

Seepweed 

Seepwillow 

Serviceberry,  Western 

Shadscale 

Silktassel,  Yellowleaf 
fSnakeweed 

Snowberry,  Common 

Sophora 


Gleditsia  triacanthos 

Robinia  neomexicana 

Arctostaphylos  pungens 

Arctostaphylos  pringlei 

Acer  grandidentatum 

Prosopis  juliflora  and  P.  velutina 

Prosopis  glandulosa 

Prosopis  velutina 

Mimosa  spp. 

Ephedra  spp. 

Cercocarpus  montanus,  Cercocarpus 

ledifolius,  and  Cercocarpus  betuloides 

Morus  spp. 

Physocarpus  malvaceus 

Quercus  emoryi 

Quercus  gambelii 

Quercus  grisea 

Quercus  turbinella 

Fouquieria  spp. 

Cerdidium  floridum 

Allenrolfea  occidentalils 

Pinus  aristata 

Pinus  flexilis 

Pinus  contorta 

Pinus  ponderosa 

Pinus  monticola 

Pinus  albicaulis 

Pinus  edulis 

Pinus  cembroides 

Pinus  monophylla 

Fallugia  paradoxa 

Chrysothammus  nauseosus 

Chrysothamnus  viscidiflorus 

Thuja  plicata 

Rosa  spp. 

Artemisia  tridentata  spp.  tridentata 

Artemisia  tridentata 

Artemisia  nova 

Artemisia  frigida 

Artemisia  arbuscula 

Artemisia  tridentata  spp.  vaseyana 

Artemisia  f Hi  folia 

Artemisia  cana 

Artemisia  tridentata  spp. 

Wyomingensis 

Cereus  giganteus 

Atriplex  canescens 

Atriplex  gardneri 

Atriplex  corrugata 

Tamarix  pentandra 

Suaeda  spp. 

Baccharis  salicifolia 

Amelanchier  alnifolia 

Atriplex  confertifolia 

Garrya  Flavescens 

Gutierrezia  sarothrae 

Symphoricarpos  oreophilus 

Sophora  spp. 
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Species  Scientific  Names 


Common  Name 


Scientific  Name 


Shrubs,  Trees  and  Succulents 
(Continued) 

Sotol 

Spruce,  Blue 

Spruce,  Englemann 

Sumac 

Sweetgum 

Sycamore 
fTarbush 

Thornbush 

Walnut 
fWeed,  Klamath 

Whortleberry,  Grouse 

Willow 

Willow,  Desert 

Winterfat 

Yucca 

Forbs 

Alkali  Weed 

Arrowweed 

Aster 

Balsamroot 
fBindweed,  Field 
fBindweed,  Hedge 

Cinquefoil 
fCocklebur 
fCocklebur,  Mexican 

Coneflower 

Dandelion 

Dogweed 

Evening  Primrose 

Filaree 

Fleabane 

Fleabane,  Zuni 
fFoxtail,  Giant 

Geranium 

Glasswort 

Goldeneye 

Groundsel 

Groundsel,  San  Francisco  Peaks 

Gumplant,  Ash  Meadows 
f  Gumweed,  Curly  Cup 
fHalogeton 
f  Hemlock,  Poison 
f Hounds  Tongue 

Indian  Blanket 
flris 

Klamathweed 
fKnapweed 
fKochia 

Larkspur 

Lily,  Sego 

Lily,  Star 

Locoweed 

Lupine 

Mallow,  Globe 

Marigold,  Marsh 

Mariola 
f  Milkweed,  Welsh's 

Mules  Ear 


Dasylirion  spp. 
Picea  pungens 
Picea  engelmannii 
Rhus  spp. 
Liquidambar  spp. 
Platanus  spp. 
Flourensia  cernua 
Lycium  andersonii 
Juglans  spp. 
Hypericum  perforatum 
Vaccinium  scoparium 
Salix  spp. 
Chilopsis  linearis 
Eurotia  lanata 
Yucca  spp. 

Nitrophila  spp. 

Pluchea  sericea 

Aster  spp. 

Balsamorhiza  sagittata 

Convolvulus  arvensis 

Convolvulus  sepium 

Potentilla  spp. 

Xanthium  sp. 

Xanthium  pennsylvanicum 

Ratibida  columnaris 

Malacothrix  spp. 

Dyssodia  spp. 

Oenothera  spp. 

Erodium  cicutarium 

Erigeron  spp. 

Erigeron  rhizomatus 

Setaria  faberi 

Geranium  spp. 

Salicornia  spp. 

Viguiera  spp. 

Senecio  spp. 

Senecio  franciscanus 

Grindelia  fraxino-pratensis 

Grindelia  squarrosa 

Halogeton  glomeratus 

Conlum  maculatum 

Cynoglossum  officinale 

Gaillardia  pulchella 

Iris  spp. 

Hypericum  perforatum 

Centaurea  spp. 

Kochia  scoparia 

Delphinium  spp. 

Calochortus  nuttallii 

Leucocrinum  montanum 

Oxytropis  spp.  and  Astragalus  spp. 

Lupinus  spp. 

Spaeralcea  spp. 

Caltha  leptosepala 

Parthenium  incanum 

Asclepius  welshii 

Wyethia  amplexicaulis 
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Species  Scientific  Names 


Common  Name 


Scientific  Name 


Forbs  (Continued) 

fMustard,  Tumble 
tNettie,  Horse 

fNightshade 

Onion,  Wild 

Paintbrush,  Indian 

Parsnip,  Cow 

Pennyroyal,  McKittrick 

Pennyroyal,  Todsen's 

Penstemon 

Phlox 

Ragweed 

Rubberweed 

Scurf  Pea 

Spurge 

fSpurge,  Leafy 
fStarthistle,  Yellow 
{Sunflower 
•JThistle,  Blue 
■JThistle,  Canada 
tThistle,  Musk 
■JThistle,  Russian 

Verbena,  Desert  Sand 
tVine,  Puncture 
fWoad,  Dyers 

Yarrow,  Common 

Zinnia,  Desert 

Grasses 

Bentgrass 
fBluegrass,  Annual 

Bluegrass,  Cusick's 

Bluegrass,  Kentucky 

Bluegrass,  Sandberg 

Bluestem,  Big 

Bluestem,  Cane 

Bluestem,  Little 

Bluestem,  Sand 

Brome,  Japanese 

Brome,  Rattlesnake 

Brome,  Red 

Broomsedge 

Buffalograss 
fCheatgrass 

Chess,  Soft 

Cottontop,  Arizona 

Dropseed,  Sand 

Fescue,  Idaho 

Fescue,  Rough 

Filaree 

Galleta 

Galieta,  Big 

Grama,  Black 

Grama,  Blue 

Grama,  Hairy 

Grama,  Rothrock 

Grama,  Side-oats 

Grama,  Six-weeks 


Sisymbrium  altissimum 
Solanum  carolinese  and  S. 
elaeagnifolium 
Solanum  spp. 
Allium  spp. 
Castilleja  spp. 
Heracleum  lanatum 
Hedeoma  apiculatum 
Hedeoma  todsenii 
Penstemon  spp. 
Phlox  spp. 
Ambrosia  spp. 
Hymenoxys  richardsonii 
Psoralea  tenuiflora 
Euphorbia  spp. 
Euphorbia  esula 
Centaurea  solstiltialis 
Helianthus  annuus 
Echium  vulgare 
Circium  arvense 
Carduus  nutans 
Salsola  kali 
Abronia  villosa 
Tribulus  terrestris 
Isatis  tinctoria 
Achillea  millefolium 
Zinnia  acerosa 

Agrostis  spp. 
Poa  annua 
Poa  cusickii 
Poa  pratensis 
Poa secunda 
Andropogon  gerardii 
Bothriochloa  barbinoides 
Schizachyrium  scoparium 
Andropogon  hallii 
Bromus  japonicus 
Bromus  briziformis 
Bromus  rubens 
Andropogon  virginicus 
Buchloe  dactyloides 
Bromus  tectorum 
Bromus  mollis 
Digitaria  californica 
Sporobolus  cryptandrus 
Festuca  idahoensis 
Festuca  scabrella 
Erodium  circutarium 
Hilaria  jamesii 
Hilaria  rigida 
Bouteloua  eriopoda 
Bouteloua  gracilis 
Bouteloua  hirsuta 
Bouteloua  rothrockii 
Bouteloua  curtipendula 
Bouteloua  barbata 


G^O 


APPENDIX  G 

Table  G-1  (Continued) 
Species  Scientific  Names 


Common  Name 


Scientific  Name 


Grasses  (Continued) 

Grass,  Bear 
Grass,  Pappus 
Hairgrass 
Indiangrass 
Junegrass,  Prairie 
Lovegrass,  Lehmann 
Lovegrass,  Plains 
fMedusahead 
Mesquite,  Curly 
Mesquite,  Vine 
Muhly,  Bush 
Muttongrass 

Needle-and-Thread  Grass 
Needlegrass 
Needlegrass,  Green 
Needlegrass,  Thurber 
Oatgrass 
Reedgrass 
Ricegrass,  Indian 
Rushes 

Sacaton,  Alkali 
Saltgrass 
Sand  reed,  Prairie 
Sedges 
Spike-rush 
Squirreltail 
Switchgrass 
Tanglehead 
Threeawn 
Tobosa 
Tridens,  Slim 
Wheatgrass 

Wheatgrass,  Bluebunch 
Wheatgrass,  Thickspike 
Wheatgrass,  Western 
Wildrye,  Great  Basin 
Wolftail 


Nolina  spp. 

Pappophorum  vaginatum 
Deschampsia  spp. 
Sorghastrum  nutans 
Koeleria  cristata 
Eragrostis  lehmanniana 
Eragrostis  intermedia 
Taeniather  urn  asperum 
Hilaria  belangeri 
Panicum  obtusum 
Muhlenbergia  porteri 
Poa  fendleriana 
Stipa  comata 
Stipa  spp. 
Stipa  viridula 
Stipa  thurberiana 
Danthonia  spp. 
Calamagrostis  spp. 
Oryzopsis  hymenoides 
Juncus spp. 
Sporobolus  airoides 
Distichlis  spicata 
Calamovilfa  longifolia 
Carex  spp. 
Eleocharis  spp. 
Sitanion  hystrix 
Panicum  virgatum 
Heteropogon  contortus 
Aristida  spp. 
Hilaria  mutica 
Tridens  muticus 
Agropyron  spp. 
Agropyron  spicatum 
Agropyron  dosystachyum 
Agropyron  smithii 
Elymus  cinereus 
Lycurus  phleoides 
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SPECIAL  STATUS  SPECIES  LIST 


This  appendix  presents  the  federally  designated 
endangered,  threatened,  proposed,  and  candidate 
species  found  in  the  13  Western  States  in  the  EIS 
area.  Information  is  based  on  the  most  current  pub- 
lished status  when  this  document  went  to  press:  50 
CFR  17.11  and  17.12,  Endangered  &  Threatened 
Wildlife  and  Plants,  April  15, 1990;  Animal  Notice  of 
Review  (50  CFR  Part  17),  Federal  Register,  January 
6, 1 989;  and  Plant  Notice  of  Review  (50  CFR  Part  1 7), 
Federal  Register,  February  21,  1990.  The  status  of 
any  species  may  have  changed  prior  to  publication 
of  the  Final  EIS,  including  the  addition  of  new  spe- 
cies not  previously  on  these  lists.  These  tables  are 
not  official  status  lists.  Current  status  should  always 
be  confirmed  with  a  local  Fish  and  Wildlife  Service 
office.  Plants  or  animals  designated  as  threatened 
or  endangered  by  a  State  can  be  obtained  from  the 
appropriate  State  agency.  The  table  has  been  sub- 
divided into  two  parts:  Part  A  lists  only  endangered 
and  threatened  species,  while  Part  B  lists  candidate 
and  proposed  candidate  species.  Plant  species  in 
Parts  A  and  B  are  alphabetized  by  scientific  name 
to  preserve  the  genera  relationships  for  species  lack- 
ing known  common  names.  The  symbols  used  in 
this  table  are  as  follows: 


Part  A:  Endangered  and 
Threatened  Species 

E  =  Endangered  species.  Any  species  that  is  in 
danger  of  extinction  throughout  all  or  a  signif- 
icant portion  of  its  range. 

T  =  Threatened  Species.  Any  species  that  is  likely 
to  become  an  endangered  species  within  the 
foreseeable  future  throughout  all  or  a  signifi- 
cant portion  of  its  range. 


ECH  &  TCH  =  Endangered  (E)  or  threatened  (T) 
species  for  which  a  critical  habitat  (CH)  has 
been  designated.  The  term  "critical  habitat"  is 
defined  as  the  specific  areas  within  the  geo- 
graphical range  occupied  by  the  species  on 
which  are  found  those  physical  or  biological 
features  essential  to  the  conservation  of  the 
speciesand  which  may  require  special  manage- 
ment considerations  or  protection;  and  spe- 
cific areas  outside  the  geographical  range 
occupied  by  the  species  that  are  essential  for 
the  conservation  of  the  species. 

PE  =  Proposed  as  endangered. 

PT  =  Proposed  as  threatened. 

Part  B:  Candidate  and  Proposed 
Candidate  Species 

C  =  Candidate  species.  Any  species  for  which  the 
U.S.  Fish  and  Wildlife  Service  has  substantial 
information  to  support  the  biological  appropri- 
ateness of  proposing  to  list  as  endangered  or 
threatened  but  has  not  yet  issued  proposed 
rules  because  of  preclusion  by  other  listing 
activity. 

P  =  Proposed  candidate  species.  Any  species  for 
which  the  U.S.  Fish  and  Wildlife  Service  has 
information  to  propose  listing  it  as  endangered 
or  threatened  but  cannot  provide  conclusive 
data  to  support  the  biological  appropriateness 
of  such  a  proposal.  The  taxa  in  this  catagory 
are  not  being  considered  as  proposed  addi- 
tions to  the  list  unless  further  information 
becomes  available. 
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Common  Name 


Scientific  Name 


Pari  A:  Endangered  and  Threatened  Species 
Mammals 

Bat,  Gray 

Bat,  Indiana 

Bat,  Mexican 
Long-nosed 

Bat,  Ozark  Big-eared 


Bat,  Sanborn's 
Long-nosed 

Bear,  Grizzly  or  Brown 

Caribou,  Woodland 

Ferret,  Black-footed 
Jaguarundi 

Ocelot 

Prairie  Dog,  Utah 

Pronghorn,  Sonoran 

Squirrel,  Mount  Graham 
Red 

Vole,  Hualapai  Mexican 

Wolf,  Gray 

Wolf,  Red 

Birds 

Bobwhite,  Masked  (quail) 

Crane,  Whooping 
Curlew,  Eskimo 


AZ    CO 


MT   NV    NM   ND   OK    OR   SD   UT 


WA   WY 


Myotis  grisescens 

Myotis  solalis 

Leptonycteris 
nivalis 

Plecotus  townsendii 
ingens 

Leptonycteris  sanborni 

Ursus  arctos 
(=U.a.  horribilis) 

Rangifer  tarandus 
caribou 

Mustela  nigripes 

Felis  yagouaroundi 
tolteca 

Felis  pardalis 

Cynomys  parvidens 

Antilocapra  americana 
sonoriensis 

Tamiasciurus  hudsonicus 
grahamensis 

Microtus  mexicanus 
hualpaiensis 

Canis  lupus 

Canis  rufus 


Colinus  virginianus 
ridwayi 

Grus  americana 

Numenius  borealis 
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Common  Name 


Eagle,  Bald 

Falcon,  American 
Peregrine 

Falcon,  Arctic 
Peregrine 

Falcon,  Northern 
Aplomado 

Owl,  Northern  Spotted 

Plover,  Piping 

Rail,  Yuma  Clapper 

Tern,  Least 

■j-  Vireo,  Black-capped 

w  Woodpecker, 

Red-cockaded 

Fishes 

Catfish,  Yaqui 

Cavefish,  Ozark 

Chub,  Bonytail 

Chub,  Borax  Lake 

Chub,  Chihuahua 

Chub,  Humpback 

Chub,  Hutton  Tui 

Chub,  Pahranagat 
Roundtail 

Chub,  Sonora 

Chub,  Virgin  River 

Chub,  Yaqui 

Cui-ui 

Dace,  Ash  Meadows 
Speckled 
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Haliaeetus  leucocephalus 
Falco  peregrinus  anatum 

Falco  peregrinus  tundrius 

Falco  femoralis 
septentrionalis 

Strix  occidentalis  caurina. 

Charadrius  melodus 

Rallus  longirosths 
yumanensis 

Sterna  antillarum 

Vireo  atricapillus 

Picoides  borealis 


Ictalurus  pricei 
Amblyopsis  rosae 
Gila  elegans 
Gila  boraxobius 
Gila  nigrescens 
Gila  cypha 
Gila  bicolor  ssp. 
Gila  robusta  jordani 

Gila  ditaenia 

Gila  robusta  semidnuda 

Gila  purpurea 

Chasmistes  cujus 

Rhinichthys  osculus 
nevadensis 
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Dace,  Clover  Valley 
Speckled 

Dace,  Desert 

Dace,  Foskett  Speckled 

Dace,  Independence  Valley 
Speckled 

Dace,  Kendall 
Warm  Springs 

Dace,  Moapa 

Darter,  Leopard 

Gambusia,  Pecos 

Killifish,  Pahrump 

Minnow,  Loach 

Pupfish,  Ash  Meadows 
Amargosa 

Pupfish,  Desert 

Pupfish,  Devil's  Hole 

Pupfish,  Warm  Springs 

Shiner,  Beautiful 
Shiner,  Pecos  Bluntnose 

Spikedace 
Spinedace,  Big  Spring 

Spinedace,  Little  Colorado 

Spinedace,  White  River 

Springfish,  Hiko 
White  River 

Springfish,  Railroad 
Valley 


Rhinichthys  osculus 
nevadensis 

Eremichthys  acros 

Rhinichthys  osculus  ssp. 

Rhinichthys  osculus 
lethoporus 

Rhinichthys  osculus 
thermalis 

Moapa  coriacea 

Percina  pantherina 

Gambusia  nobilis 

Empetrichthys  latos 

Tiaroga  cobitis 

Cyprinodon  nevadensis 
mionectes 

Cyprinodon  macularius 

Cyprinodon  diabolis 

Cyprinodon  nevadensis 
pectoralis 

Notropis  formosus 

Notropis  simus 
pecosensis 

Meda  fulgida 

Lepidomeda  mollispinis 

pratensis 

Lepidomeda  vittata 

Lepidomeda  albivallis 

Crenichthys  baileyi 
grandis 

Crenichthys  nevadae 


ECH 


TCH 
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Common  Name 


Ol 


Springfish,  White  River 

Squawfish,  Colorado 
River 

Sucker,  June 

Sucker,  Lost  River 

Sucker,  Short-nose 

Sucker,  Warner 

Topminnow,  Gila 
(incl.  Yaqui) 

Trout,  Apache 

Trout,  Gila 

Trout,  Greenback 
Cutthroat 

Trout,  Lahontan 
Cutthroat 

Woundfin 

Amphibians 

Toad,  Wyoming 

Reptiles 

Rattlesnake,  New 
Mexican  Ridge-nosed 

Tortoise,  Desert  (Beaver 
Dam  Slope) 

Turtle,  Leatherback  Sea 

Insects 

Beetle,  American  Burying 
(=Giant  Carrion  Beetle) 

Naucorid,  Ash  Meadows  Ambrysus  amargosus 


Scientific  Name  AZ  CO  ID  MT  NV  NM        ND        OK  OR        SD        UT  WA  WY 

Crenichthys  baileyi  baileyi  —  —  —  —  ECH  —        —         —  —        —        —  —  — 

Ptychocheilus  lucius  KW  E  —  —         E  E         —         —  —        —         E  —  E 

Chasmistes  liorus  —  —  —  —  —  —         —         —  —        —       ECH  —  — 

Deltistes  luxatus  —  —  —  —  —  —         —         —  E         —        —  —  — 

Chasmistes  brevirostris  ________  £____ 

Catostomus  warnerensis  —  —  —  —  —  ___  j         —        _  —  — 

Poeciliopsis  occidentalis  E  —  —  —  —  E         —         —  —        —        —  —  — 

Oncorhynchus  (=  Salmo)  T  —  —  —  —  ___  ___  _  — 

apache 

Oncorhynchus  (=  Salmo)  E  ____  £_______ 

gilae 

Oncorhynchus  (=  Salmo)  —  T  —  —  ____  —        —        _  —  — 
clarki  stomias 

Oncorhynchus  (=  Salmo) 

clarki  henshawi  —  —  —  —  T  —         —         —  —        —        —  —  — 

Plagopterus  argentissimus  E1  —  —  —  E  —         —         —  —        —         E  —  — 

Bufo  hemiophrys  baxteri  —  —  —  —  —  ___  ___  —  £ 
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Crotalus  willardi  obscurus 

Scaptochelys  (=Gopherus) 
agassizii 

Dermochelys  coriacea 


—        TCH       — 

E  —  — 


—         —       TCH        — 

E  —         —  E 


Nicrophorus  americanus         —  — 


—  —  —  E  —  R 

TCH         _____ 


Skipper,  Pawnee 
Montane 


Hesperia  leonardus 
(^pawnee)  montana 
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Common  Name 


Scientific  Name 
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Crustaceans 

Isopod,  Socorro 

Plants 

Agave,  Arizona 

Bear-poppy,  Dwarf 

Prickly-poppy, 
Sacramento 

Milkweed,  Welsh's 

Milk-vetch,  Mancos 

Milk-Vetch,  Heliotrope 

Milk-vetch,  Heliotrope 

Milk-vetch,  Rydberg 
Milk-vetch,  Ash  Meadows 
Sedge,  Navaho 
Centaury,  Spring-loving 

Thistle,  Sacramento 
Mountains 

Cactus,  Cochise 
Pincushion 

Cactus,  Sneed  Pincushion 

Cactus,  Lee  Pincushion 

Cliff-rose,  Arizona 
Cycladenia,  Jones 

Cactus,  Nichol's 
Turk's  Head 


Thermosphaeroma 
(=Exosphaeroma) 
thermophilus 


E  —         —  _         _ 


Agave  arizonica  E  —  —         —         —  —         —         —  —         —         —  — 

Arctomecon  hum  His  —  —  ___  —         —         —  __£  _ 

Argemone  pleiacantha  —  —  —         —         —         PE        —         —  ___  _ 

ssp.  pinnatisecta 

Asclepias  welshii  —  —  —        —         —  ___  —         _      yen        

Astragalus  humillimus  —  E  —         —         —  E         —         —  —         —        —  — 

Astragalus  montii  —  —  —         —         —  —         —         —  —         —         j  _ 

Astragalus  limnocharis  —  —  ___  _         —         —  __j  — 

var.  montii 

Astragalus  perianus  —  —  —         —         —  —         —         —  __j  _ 

Astragalus  phoenix  —  —  —         —       TCH        —         —         —  —        —        —  — 

Carex  specuiola  TCH        —  —         —         —  —         —         —  —         —         —  _ 

Centaurium  namophilum  —  —  —         —       TCH        —         —         —  —        —        —  — 

var.  namophilum 

Cirsium  vinaceum  —  —  —         —         —  T         —         —  —         —        —  — 

Coryphantha  robbinsorum        T  —  —        —        —  —         —         —  —        —        —  — 

(=Cochiseia  r., 
Escobaria  r.) 

Coryphantha  sneedi  _  _  _         —         _  £         —         _  —        —        —  _ 

var.  sneedii 

Coryphantha  sneadii  —  —  ___  j         __  ___  _ 

var.  leei 

Cowania  subintegra  E  —  ___  —        —         —  —        __  _ 

Cycladenia  humilis  var.  J  ________        —         j  _ 

/'ones/7 

Echinocactus  E  —  —         —         —  —         —         —  —         —         —  — 

horizonthalonius 
var.  nicholii 
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Cactus,  Arizona 
Hedgehog 

Cactus,  Spineless 
Hedgehog 

Cactus,  Purple-spined 
Hedgehog 

Cactus,  Kuenzler 
Hedgehog 

Cactus,  Lloyd's 
Hedgehog 

Sunray,  Ash  Meadows 

Daisy,  Maquire 

Fleabane,  Rhizome 
Wild-buckwheat,  Gypsum 
Buckwheat,  Steamboat 

Wild-buckwheat, 
Clay-loving 

Cress,  Toad-flax 

Gumplant,  Ash  Meadows 

Pennyroyal,  McKittrick 

Pennyroyal,  Todsen's 

Ivesia,  Ash  Meadows 

Bladderpod,  Dudley 
Bluffs 

Lomatium,  Bradshaw's 

Blazingstar,  Ash 

Meadows 


Echlnocereus  E  — 

triglochidiatus  var. 
arizonicus 

Echinocereus  —  E 

triglochidiatus 
var.  inermis 

Echinocereus  engelmannii        —  — 

var.  purpureas 

Echinocereus  fendleri  —  — 

var.  kuenzleri 

Echinocereus  lloydii  —  — 

Enceliopsis  nudicaulis 
var.  corrugata 

Erigeron  maguirei  var. 
maguirei 

Erigeron  rhizomatus 

Eriogonum  gypsophilum 

Eriogonum  ovalifolium 
var.  witliamsiae 

Eriogonum  pelinophilum 

Glaucocarpum  —  — 

suffrutescens 

Grindelia  fraxinopratensis  —  — 

Hedeoma  apiculatum  —  — 

Hedeoma  todsenii  —  — 

Ivesia  eremica  —  — 

Lesquerella  congesta  —  PT 

Lomatium  bradshawii  —  — 

Mentzelia  leucophylla  —  — 
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—   TCH 


Common  Name 


Four-o'clock, 
MacFarlane's 

Cactus,  Brady 
Pincushion 

Cactus,  San  Rafael 

Cactus,  Knowlton 

Cactus,  Peebles  Navajo 

Cactus,  Siler  Pincushion 

Phacelia,  Clay 

Phacelia,  North  Park 

Twin  pod, 
x  Dudley  Bluffs 

co  Orchid,  White- 

fringed  Prairie 

Orchid,  Western 
Prairie  Fringed 

Primrose,  Maguire 

Buttercup,  Sharp 
Autumn 

Cactus,  Unita  Basin 
Hookless 

Cactus,  Mesa  Verde 

Cactus,  Wright  Fishhook 

Groundsel,  San  Francisco 
Peaks 

Wire-lettuce,  Malheur 

Townsendia,  Last  Chance 
Globe-berry,  Tumamoc 


Scientific  Name 


Mirabilis  macfarlanei 

Pediocactus  bradyi 

Pediocactus  despainii 

Pediocactus  knowltonii 

Pediocactus  peeblesianus 
var.  peeblesianus 

Pediocactus  sileri 

Phacelia  argillacea 

Phacelia  formosula 

Physaria  obcordata 

Platanthera  leucophaea 

Platanthera  praeclara 

Primula  maguirei 

Ranunculus  acriformis 
var.  aestivalis 

Sclerocactus  glaucus 
(=Echinocactus  g., 
S.  whipplei) 

Sclerocactus  mesae  - 
verdae  (=Pediocactus  m.) 

Sclerocactus  wrightiae 
(=Pediocactus  w.) 

Senecio  franciscanus 

Stephanomeria 
malheurensis 

Townsendia  aprica 

Tumamoca  macdougalii 
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'art  B:  Candidate  and  Proposed  Candidate  Species 
lammals 


Bat,  California 
Leaf-nosed 

Bat,  Eastern 
Small-footed 

Bat,  Greater  Western 
Mastiff 

Bat,  Mexican 
Long-tongued 

Bat,  Occult  Little 
Brown 

Bat,  Pacific 
Western  Big-eared 

Bat,  Rafinesque's 
^Southeastern) 
Big-eared 

Bat,  Southeastern 
Myotis 

Bat,  Southwestern 
Cave  Myotis 

Bat,  Spotted 

Bat,  Underwood's 
Mastiff 

Chipmunk,  Hidden 
Forest  Uinta 

Chipmunk,  Mount 
Ellen  Uinta 

Chipmunk,  Organ 
Mountains  Colorado 

Chipmunk,  Palmer's 

Fox,  Sierra  Nevada 
Red 


Macrotus  califomicus 

Myotis  subulatus 
leibii 

Eumops  perotis 
califomicus 

Choenycteris  mexicana 

Myotis  lucifugus 
occultus 

Plecoius  townsendii 
townsendii 

Plecotus  rafinesquii 


Myotis  austroriparius 

Myotis  velifer  brevis 

Euderma  maculatum 
Eumops  underwoodi 

Eutamias  umbrinus 
nevadensis 

Eutamias  umbrinus 
sedulus 

Eutamias  quadrivittatus 
australis 

Eutamias  palmeri 

Vulpes  vulpes  necator 
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Fox,  Swift 

Vulpes  velox 

— 

P           — 

P 

— 

P 

P 

P 

—          P 



_ 

P 

Gopher,  Antelope 
Island  Pocket 

Thomomys  umbrinus 
nesophilus 

— 

—          — 

— 

— 

— 

— 

— 

—         — 

P 

— 

— 

Gopher,  Bonneville 
Southern  Pocket 

Thomomys  umbrinus 
bonnevillei 

Gopher,  Cebolleta 
Southern  Pocket 

Thomomys  umbrinus 
paguatae 

Gopher,  Clear  Lake 
Pocket 

Thomomys  umbrinus 
convexus 

P 

— 

— 

Gopher,  Fish  Spring 
Pocket 

Thomomys  umbrinus 
abstrusus 

— 

—          — 

— 

P 

Gopher,  Guadalupe 
Southern  Pocket 

Thomomys  umbrinus 
guadalupensis 
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Gopher,  Harquahala 
Pocket 

Thomomys  umbrinus 
subsimiiis 

P 

Gopher,  Hualapai 
Southern  Pocket 

Thomomys  umbrinus 
hualpaiensis 

P 

u 

X 

Gopher,  Louie's 
Western  Pocket 

Thomomys  mazama 
louiei 

P 

— 

X 

Gopher,  Mearns' 
Southern  Pocket 

Thomomys  umbrinus 
mearnsi 

— 

—          — 

— 

— 

P 

— 

— 

—         — 

— 

— 

— 

Gopher,  Mount  Ellen 
Pocket 

Thomomys  umbrinus 
dissimilis 

Gopher,  Pajarito 
Southern  Pocket 

Thomomys  umbrinus 
quercinus 

P 

Gopher,  Prospect 
Valley  Pocket 

Thomomys  umbrinus 
muralis 

P 

Gopher,  Roy  Prairie 
Pocket 

Thomomys  mazama 
glacialis 

— 

—          — 

— 

— 

— 

— 

— 

—         — 

— 

P 

— 

Gopher,  Salt  Gulch 
Pocket 

Thomomys  umbrinus 
powelli 

— 

P 

— 

— 

Gopher,  San  Antonio 
Pocket 

Thomomys  umbrinus 
curtatus 

— 

—          — 

— 

P 

Gopher,  Searchlight 
Southern  Pocket 

Thomomys  umbrinus 
suboles 

P 

Gopher,  Skull 
Valley  Pocket 

Thomomys  umbrinus 
robustus 

^H^j^^^pfigli 
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Scientific  Name 

Gopher,  Stansbury 
Island  Pocket 

Thomomys  umbrinus 
minimus 

Gopher,  Swasey 
Spring  Pocket 

Thomomys  umbrinus 
sevieri 

Gopher,  Tacoma 
Western  Pocket 

Thomomys  mazama 
tacomensis 

Ground  Squirrel, 
Allen's  13-lined 

Spermophilus 
tridecemlineatus 
alleni 

Ground  Squirrel, 
Northern  Idaho 

Spermophilus 
brunneus  ssp. 

Ground  Squirrel, 
Southern  Idaho 

Spermophilus 
brunneus  ssp. 

X 

Kangaroo  Mouse, 
Desert  Valley 

Microdipodos 
megacephalus 
albiventer 

Kangaroo  Mouse, 
Fletcher  Dark 

Microdipodopos 
intermedius 
nasutus 

Kangaroo  Rat, 
Dolphin  Island 
Chisel-toothed 

Dipodomys  microps 
russeolus 

Kangaroo  Rat, 
Dolphin  Island 
Awl-toothed 

Dipodomys  ordii 
cineraceus 

Kangaroo  Rat, 
Gunnison  Island 

Dipodomys  microps 
alfredi 

Kangaroo  Rat, 
Marble  Canyon 

Dipodomys  microps 
leucotis 

Kangaroo  Rat, 
Merriam's 

Dipodomys  merriami 
frenatus 

Kangaroo  Rat, 
Texas 

Dipodomys  elator 

AZ       CO       ID       WT       MW       tm 


UT        WA 
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Lynx,  North 
American 

Marmot,  Wet  Mountains 
Yellow-bellied 

Mouse,  Black 
Mountain  Cactus 

Mouse,  Black 
Mountain  Pocket 

Mouse,  Chiricahua 
Western  Harvest 


Mouse,  Coconino 
Arizona  Pocket 

Mouse,  New  Mexican 
Jumping 

Mouse,  Pinacate 
Cactus 

Mouse,  Preble's 
Meadow  Jumping 

Mouse,  Silky 
Pocket 

Mouse,  Stansbury 
Island  Harvest 

Mouse,  Wupatki 
Arizona  Pocket 

Mouse,  Yavapai 
Arizona  Pocket 

Otter,  South- 
western 

Pika,  Barnes' 


Pika,  Cinnamon 


Pika,  Goat  Peak 


Felis  lynx 
canadensis 

Marmota  flaviventris 
notioros 

Peromyscus  eremicus 
pullus 

Perognathus  inter- 
medius  nigrimontis 

Reithrodontomys 
megalotis 
arizonensis 

Perognathus  amplus 
ammodytes 

Zapus  hudsonius 
luteus 

Peromyscus  eremicus 
papagensis 

Zapus  hudsonius 
preblei 

Perognathus  flavus 
goodpasteri 

Reithrodontomys 
megalotis  ravus 

Perognathus  amplus 
cineris 

Perognathus  amplus 
amplus 

Lutra  canadensis 
sonorae 

Ochotona  princeps 
barnesi 

Ochotona  princeps 
cinnamomea 

Ochotona  princeps 
nigrescens 


—  PPPP  —  P  —  P  —          ppp 
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Pika,  Heliotrope 
Pika,  Lasal 
Pika,  Wasatch 


Prairie  Dog,  Arizona 
Black-tailed 

Puma,  Yuma 

Rabbit,  White-sided 
Jack 

Rat,  Hot  Springs 
Cotton 

Rat,  Yavapai  Arizona 
Cotton 

Rat,  Yuma  Hispid 
Cotton 

Sheep,  California 
Bighorn 

Shrew,  Arizona 

Shrew,  Preble's 

Skunk,  Colorado 
Hog-nosed 

Squirrel,  Chiricahua 
Nayarit 

Squirrel,  Santa 
Catalina  Mountains 

Vole,  Ash  Meadows 
Montane 

Vole,  Navaho 
Mountain  Mexican 

Vole,  Pahranagat 
Valley  Montane 

Vole,  Potholes 
Meadow 


Ochotona  princeps 
moorei 

Ochotona  princeps 
lasalensis 

Ochotona  princeps 
wasatchensis 

Cynomys  ludovicianus 
arizonensis 

Felis  concolor  browni 

Lepus  callotis  gaillardi 

Sigmodon  fulviventer 
goldmani 

Sigmodon  arizonae 
jackson 

Sigmodon  hispidus 
eremicus 

Ovis  canadensis 
californiana 

Sorex  arizonae 

Sorex  preblei 

Conepatus  mesoleucus 
figginsi 

Sciurus  nayaritensis 
chiricahuae 

Sciurus  arizonensis 
catalinae 

Microtus  montanus 
nevadensis 

Microtus  mexicanus 
navaho 

Microtus  montanus 
fucosus 

Microtus  pennsylvanicus 
kincaidi 


JT 
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Common  Name 

Scientific  Name 

Vole,  Virgin 
River  Montane 

Microtus  montanus 
rivularis 

Wolverine, 
California 

Gulo  gulo  luteus 

Wolverine,  North 
American 

Gulo  gulo  luscus 

Wood  rat,  White 
Sands 

Neoioma  micropus 
leucophaea 

Wood  rat,  Santa 
Catalina  Mountains 

Neotoma  mexicana 
bullata 

Birds 

Blackbird, 
Tricolored 

Agelaius  tricolor 

2: 

Curlew,  Long-billed 

Numenius  americanus 

*. 

Duck,  Fulvous 
Whistling 

Dendrocygna  blcolor 

Flycatcher, 
Southwestern 
Willow 

Empidonax  trailii 
extimus 

Goshawk,  Apache 
Northern 

Accipiter  gentilis 
apache 

Grouse,  Columbian 
Sharptailed 

Tympanuchus 
phasianellus 
Columbians 

Grouse,  Western 
Sage 

Centrocercus 
urophasianus  phaios 

Hawk,  Ferruginous 

Buteo  regalis 

Hawk,  Northern 
Gray 

Buteo  nitidus 
maximus 

Ibis,  White- 
faced 

Plegadis  chihi 

Owl,  Spotted 

Strix  occidentalis 

Plover,  Mountain 

Charadrius  montanus 

Plover,  Western 
Snowy 

Charadrius 
alexandrinus 
nivosus 
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Pygmy-owl,  Cactus 
Ferruginous 

Glaucidium  brasiliarum 
cactorum 

P          - 

— 

Rail,  California 
Black 

Laterallus  jamaicensis 
coturniculus 

Shrike,  Migrant 
Loggerhead 

Lanius  ludovicianus 
migrans 

—          — 

— 

—          — 

— 

—           P 

—          — 

— 

—          — 

Sparrow,  Bachman's 

Aimophiia  aestivalis 

Sparrow,  Large- 
billed  Savannah 

Passerculus 
sandwichensis 
rostratus 

Fishes 

Chub,  Alvord 

Gila  alvordensis 

—          — 

— 

—           P 

— 

—          

P          — 





> 

Chub,  Big  Smoky 
Valley  Tui 

Gila  bicolor  ssp. 

■0 
m 

z 

01 

Chub,  Catlow  Tui 

Gila  bicolor  ssp. 

—          — 

— 

—          — 

— 

—          — 

P          — 





0 

Chub,  Dixie  Valley 
Tui 

Gila  bicolor  ssp. 

—          — 

— 

—           P 

— 

—          — 

—          — 

— 

—          — 

X 

I 

Chub,  Fish  Creek 
Springs  Tui 

Gila  bicolor  ssp. 

Chub,  Fish  Lake 
Valley  Tui 

Gila  bicolor  spp. 

Chub,  Gila 

Gila  intermedia 

P          — 

— 

—          — 

P 

—          — 







Chub,  Gila  Roundtail 

Gila  robusta  grahami 

P          — 

— 

—          — 

P 

—          — 

—          — 

— 



Chub,  Hot  Creek 
Valley  Tui 

Gila  bicolor  ssp. 

—          — 

— 

—           P 

— 

—          — 

—          — 

— 

—          — 

Chub,  Lahontan  Tui 

Gila  bicolor  obesa 

Chub,  Least 

lotichthys 
phlegethontis 

—          — 

— 

—          — 

— 

—          — 

—          — 

C 

—          — 

Chub,  Leatherside 

Gila  copei 

—          — 

P 

P 

—           P 

Chub,  Moapa  Roundtail 

Gila  robusta  ssp. 

Chub,  Newark 
Valley  Tui 

Gila  bicolor 
newarkensis 

Chub,  Oregon 

Oregonichthys 
(=Hybopsis)  crameri 

—          — 

— 

—          — 

— 

—          — 

P          — 

— 

— 

Common  Name 


Chub,  Oregon  Lakes 
Tui 

Chub,  Pleasant 
Valley  Tui 

Chub,  Railroad 
Valley  Tui 

Chub,  Sheldon  Tui 

Chub,  Sicklefin 

Chub,  Sturgeon 

Chub,  Summer 
Basin  Tui 

Dace,  Diamond  Valley 
Speckled 

T 

2  Dace,  Meadow  Valley 

o>  Wash  Speckled 

Dace,  Moapa  Speckled 

Dace,  Monitor  Valley 
Speckled 

dace,  Oasis  Valley 
Speckled 

Dace,  Pahranagat 
Speckled 

Dace,  Relict 

Dace,  White  River 
Speckled 

Darter,  Arkansas 

Darter,  Crystal 

Darter,  Longnose 

Grayling,  Montana 
Arctic 

Madtom,  Neosho 

Mudminnow,  Olympic 


Scientific  Name 


Gila  bicolor 

Gila  bicolor  ssp. 

Gila  bicolor  ssp. 

Gila  bicolor  eurysoma 
Hybopsis  meeki 
Hybopsis  gelida 
Gila  bicolor  ssp. 

Rhinichthys  osculus  ssp. 

Rhinichthys  osculus  ssp. 

Rhinichthys  osculus 
moapae 

Rhinichthys  osculus  ssp. 

Rhinichthys  osculus  ssp. 

Rhinichthys  osculus 
velifer 

Relictus  solitarius 

Rhinichthys  osculus  ssp. 

Etheostoma  cragini 

Ammocrypta  asprella 

Percina  nasuta 

Thymallus  arcticus 
montanus 

Noturus  placidus 

Novumbra  hubbsi 
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Pupfish,  Palomas 

Pupfish,  Pecos 

Pupfish,  White  Sands 

Sculpin,  Malheur 
Mottled 

Sculpin,  Slender 

Sculpin,  Wood  River 

Shiner,  Arkansas 
River 

Shiner,  Ouachita 
Mountain 

Shiner,  Rio  Grande 

Spinedace,  Virgin 

Springfish,  Moapa 
White  River 

Springfish,  Preston 
White  River 

Stoneroller,  Mexican 

Sturgeon,  Lake 

Sturgeon,  Pallid 

Sucker,  Blue 

Sucker,  Goose  Lake 

Sucker,  Jenny  Creek 

Sucker,  Klamath 
Largescale 

Sucker,  Meadow  Valley 
Wash  Desert 

Sucker,  Razorback 

Sucker,  Wall  Canyon 

Sucker,  White  River 
Desert 


Cyprinodon  sp. 
Cyprinodon  pecosensis 
Cyprinodon  tularosa 
Cottus  bairdi  ssp. 

Cottus  tenuis 
Cottus  leiopomus 
Notropis  girardi 

Notropis  snelsoni 

Notropis  jemezanus 

Lepidomeda  mollispinis 
mollispinis 

Crenichthys  baileyi 
moapa 

Crenichthys  baileyi 
albivallis 

Campostoma  ornatum 

Acipenser  fulvescens 

Scaphirhynchus  albus 

Cycleptus  elongatus 

Catostomus  occidentalis 
lacusanserinus 

Catostomus  rimiculus  ssp. 

Catostomus  snyderi 

Catostomus  clarkii  ssp. 

Xyrauchen texanus 

Catostomus  sp. 

Catostomus  clarki 
intermedins 
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Common  Name 


Scientific  Name 


Sucker,  Zuni  Mountain 

Trout,  Bonneville 
Cutthroat 

Trout,  Bull 

Trout,  Colorado 
Cutthroat 

Trout,  Redband 

Trout,  Snake  River 
Fine-spotted 
Cutthroat 

Trout,  Willow/ 
Whitehorse 
Cutthroat 

Amphibians 

Frog,  Tarahumara 

Frog,  Yavapai 
(=Lowland) 
Leopard 

Salamander,  Jemez 
Mountain 

Salamander,  Larch 
Mountain 

Salamander,  Oklahoma 

Salamander,  Sacra- 
mento Mountains 

Salamander,  Sonoran 
Tiger 

Toad,  Amargosa 

Toad,  Arizona 
Southwestern 

Toad,  Boreal  Western 
(Rocky  Mountains 
population) 


Catostomus  discobolus 
yarrowi 

Salmo  clarki  utah 

Salvelinus  confluentus 

Salmo  clarki 
pleuriticus 

Salmo  sp. 

Salmo  clarki  ssp. 

Salmo  clarki  ssp. 


Rana  tarahumarae 
Rana  yavapaiensis 

Plethodon  neomexicanus 

Plethodon  larselli 

Eurycea  tynerensis 
Aneides  hardii 

Ambystoma  tigrinum 
stebbinsi 

Bufo  nelsoni 

Bufo  microscaphus 
microscaphus 

Bufo  boreas  boreas 
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Common  Name 


Scientific  Name 


Reptiles 

Lizard,  Cowles 
Fringe-toed 

Lizard,  Texas  Horned 

Lizard,  Flat-tailed 
Horned 

Skink,  Arizona 
Gilbert's 

Snake,  Mexican 
Garter 

Snake,  Narrow- 
Headed  Garter 

Tortoise,  Desert 
Sonora 

(Sonora  Desert 
population) 

Turtle,  Alligator 
Snapping 

Turtle,  Northwestern 
Pond 

Whiptail,  Gray- 
checkered  Whiptail 

Insects 

Beetle,  Animas 
Minute  Moss 

Beetle,  Anthony 
Blister 

Beetle,  Arizona 
Water  Penny 

Beetle,  Beer's 
False  Water  Penny 

Beetle,  Beller's 
Ground 

Beetle,  Big  Dune 
Aphodius  Scarab 


Uma  notata 
rufopunctata 

Phrynosoma  cornutum 

Phrynosoma  mcalli 

Eumeces  gilberti 
arizonensis 

Thamnophis  eques 

Thamnophis 
rufipunctatus 

Gopherus  (=Xerobates) 
agassizii 


Macroclemys  temmincki 

Clemmys  marmorata 
marmorata 

Cnemidophorus  dixoni 


Limnebius  aridus 
Lytta  mirifica 
Psephenus  arizonensis 
Acneus  beeri 
Agonum  belleri 
A  hod i us  sp. 
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Beetle,  Blind  Cave 
Leiodid 

Glacicavicola 
bathysciodes 

Beetle,  Bonita 
Diving 

Deronectes  neomexicana 

Beetle,  Brown's 
Microcylloepus 
Riffle 

Microcylloepus  browni 

Beetle,  Burnell's 
False  Water 
Penny 

Acneus  burnetii 

Beetle,  Chiricahua 
Water  Scavenger 

Cymbiodyta  arizonica 

Beetle,  Coral  Pink 
Dunes  Tiger 

Cicindela  limbata 
albissima 

o 

Beetle,  Crescent 
Dune  Aegialian 
Scarab 

Aegialia  crescenta 

Beetle,  Crescent 
Dune  Aphodius 
Scarab 

Aphodius  sp. 

Beetle,  Crescent 
Dune  Serican 
Scarab 

Serica  sp. 

Beetle,  Death 
Valley  Agabus 
Diving 

Agabus  rumppi 

Beetle,  Devil's 
Hole  Warm 
Spring  Riffle 

Stenelmis  calida  calida 

Beetle,  Giuliani's 
Dune  Scarab 

Pseudocotalpa  giulianii 

Beetle,  Hardy's 
Aegialian  Scarab 

Aegialia  hardy i 

Beetle,  Hatch's 
Click 

Eanus  hatchi 

Beetle,  Idaho 
Dunes  Tiger 

Cicindela  arenicola 
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Common  Name 


Scientific  Name 


Beetle,  Large 
Aegialian  Scarab 

Aegialia  magnifies 

Beetle,  Little 
Riffle 

Dubiraphia  parva 

Beetle,  Los  Olmos 
Tiger 

Cicindela  nevadica 
olmosa 

Beetle,  Maricopa 
Tiger 

Cicindela  oregona 
maricopa 

Beetle,  Marron's  San 
Carlos  Riffle 

Huleechius  marroni 
carolus 

Beetle,  Moapa 
Warm  Springs 
Riffle 

Stenelmis  calida  moap 

Beetle,  Narrow-foot 
Hygrotus  Diving 

Hygrotus  diversipes 

Beetle,  Parker's 
Riffle 

Cylloepus  parkeri 

Beetle,  Roth's 
Blind  Ground 

Pterostichus  rothi 

Beetle,  Sand 
Mountain 
Aphodius  Scarab 

Aphodius  sp. 

Beetle,  Sand 
Mountain  Serican 
Scarab 

Serica  sp. 

Beetle,  Spangler's 
Hydroporus 
Diving 

Hydroporus  spangleri 

Beetle,  Spotted 
Warner  Valley 
Dunes  June 

Polyphylla  avittata 

Beetle,  Stephan's 
Riffle 

Heterelmis  stephani 

Beetle,  Utah 
Chaetarthrian 
Water  Scavenger 

Chaetarthria  utahensis 
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Beetle,  Utah 
Hydroporus 
Diving 

Hydroporus  utahensis 

— 

— 

—          — 

—          — 

— 

— 

— 

— 

P 

— 

— 

Beetle,  Utah 
Minute  Moss 

Limnebius  utahensis 

— 

— 

—          — 

—          — 

— 

— 

— 

— 

P 

— 

— 

Beetle,  Warm  Spring 
Zaitzevian  Riffle 

Zaitzevia  thermae 

— 

— 

—           P 

—          — 

— 

— 

— 

— 

— 

— 

— 

Beetle,  White 
Mountains  Water 
Penny 

Psephenus  montanus 

P 

Bug,  Amargosa 
Naucorid 

Pelocoris  shoshone 

— 

— 

—          — 

P          — 

— 

— 

— 

— 

— 

— 

— 

"0 
IP 

m 

z 

X 

K3 

Bug,  Santa  Rita 
Mountains 
Chlorochroan 

Bumblebee,  Franklin's 

Chlorochroa  rita 
Bombus  franklini 

P 

P 

Butterfly,  Baking 
Powder  Flat  Blue 

Euphilotes 
battoides  ssp. 

— 

— 

—          — 

P          — 

— 

— 

— 

— 

— 

— 

— 

X 

Butterfly,  Blue 
Silverspot 

Speyeria  nokomis 
caerulescens 

P 

Butterfly,  Carole's 
Silverspot 

Speyeria  zerene 
carole 

— 

— 

—          — 

P          — 

— 

— 

— 

— 

— 

— 

— 

Butterfly,  Great 
Basin 
Silverspot 

Speyeria  nokomis 
nokomis 

P 

P 

Butterfly,  Mattoni's 
Blue 

Euphilotes 
(=Shijimaeoides) 
rita  mattoni 

" 

P          — 

Butterfly,  Mono 
Checkerspot 

Euphydryas  editha 
monoensis 

— 

— 

—          — 

P          — 

— 

— 

— 

— 

— 

— 

— 

Butterfly,  Morand's 
Checkspot 

Euphydryas  anicia 
morandi 

— 

— 

—          — 

P          — 

— 

— 

— 

— 

— 

— 

— 

Butterfly,  Regal 
Fritillary 

Speyeria  idalia 

— 

P 

—           P 

—          — 

P 

P 

— 

P 

— 

— 

— 

Butterfly,  Spring 
Mountains  Blue 

Plejebus  shasta 
charlestonensis 

— 

— 

—          — 

P          — 

— 

— 

— 

— 

— 

— 

— 
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Butterfly,  Tawny 
Crescent 

Phyciodes  batesi 

Butterfly, 
Uncompahgre 
Fritillary 

Boloria  acrocnema 

Caddisfly, 
Alexander's 
Rhyacophilan 

Rhyacophila  alexanderi 

Caddisfly,  Alsea 
Ochrotrichian 
Micro 

Ochrotrichia  alsea 

Caddisfly,  Blue 
Mountains 
Cryptochian 

Cryptochia  neosa 

Caddisfly,  Cascades 
Apatanian 

Apatania  (=Radema) 
tavala 

Caddisfly,  Deschutes 
Ochrotrichian 
Micro 

Ochrotrichia  phenosa 

Caddisfly,  One-spot 
Rhyacophilan 

Rhyacophila  unipunctata 

Caddisfly,  Reisen's 
Hydropsyche 

Hydropsyche  reiseni 

Caddisfly,  Schuh's 
Homoplectran 

Homoplectra  schuhi 

Caddisfly,  Three- 
tooth  Long-horned 

Triaenodes  tridonta 

Cricket,  Arizona 
Giant  Sand 
Treader 

Daihinibaenetes 
arizonensis 

Cricket,  Navajo 
Jerusalem 

Stenopelmatus  navajo 

Cricket,  Prairie 
Mole 

Gryllotalpa  major 

Cricket,  Tanner's 
Black  Camel 

Utabaenetes  tanneri 
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Damselfly,  Sabino 
Canyon 

Argia  sp. 

Grasshopper,  Big 
Cedar 

Eximacris  phenax 

Grasshopper,  Desert 
Monkey 

Psychomastix  deserticola 

Grasshopper,  Idaho 
Pointheaded 

Acrolophitus  pule  hell  us 

Grasshopper,  Pinaleno 
Monkey 

Eumorsea  pinaleno 

Mayfly,  Colorado 
Burrowing 

Ephemera  compar 

I 

Mayfly,  False 
Ameletus 

Ameletus  falsus 

* 

(Millipede,  no 
common  name) 

Toltecus  chihuanus 

Moth,  Albarufan 
Dagger 

Acronicta  albarufa 

Moth,  Lost  Ethmiid 

Ethmia  monachella 

Moth,  Stevens' 
Tortricid 

Decodes  stevensi 

Owlfly,  Cheese-weed 

Oliarces  clara 

Skipper,  Dakota 

Hesperia  dacotae 

Skipper,  MacNeill 
Sooty  Wing 

Hesperopsis  gracielae 

Skipper,  Wandering 

Pseudocopaeodes  eunus 
eunus 

Stonefly,  Fender's 
Soliperlan 

Soliperla  fenderi 

Stonefly,  Lake 
Tahoe  Benthic 

Capnia  lacustra 

Stonefly,  Meltwater 
Lednian 

Lednia  tumana 

Stonefly,  Wahkeena 
Falls  Flightless 

Nemoura  wahkeena 
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Wasp,  Redheaded 
Sphecid 

Eucerceris  ruficeps 

Weevil,  Rulien's 
Miloderes 

Miloderes  rulieni 

Crustaceans 

(Crayfish,  no 
common  name) 

Cambarus  tartarus 

Amphipod,  Arizona 
Cave 

Stygobromus 
(=Stygonectes) 
arizonensis 

Amphipod,  Bowman's 
Cave 

Stygobromus 
(=Stygonectes)  bowmani 

Ol 

Amphipod,  Malheur 
Cave 

Amphipod,  Noel's 

Stygobromus  hubbsi 
Gammarus  desperatus 

Amphipod,  Oklahoma 
Cave 

Allocrangonyx 
pellucidus 

Amphipod,  Ozark 
Cave 

Stygobromus 
(=Stygonectes) 
ozarkensis 

Isopod,  Bat  Cave 

Caecidotea  macropoda 

Mollusks 

Fanshell,  Western 
(=Western  Fan-shell 
Pearly  Mussel) 

Cyprogenia  aberti 

Hornshell,  Texas 
(mussel) 

Popenaias  popei 

Mountainsnail, 
Boulder  Pile 

Oreohelix  jugalis 
(=Oreohelox  jugalis 
jugalis) 

Mountainsnail, 
Carinated  Striate 
Banded 

Oreohelix  strigosa 
goniogyra 

Mountainsnail, 
Coalville 

Oreohelix  peripherica 
weberiana 
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Scientific  Name 
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Mountainsnail,  Idaho 
Banded 

Oreohelix  idahoensis 
idahoensis 

Mountainsnail,  Lava 
Rock  (=Walton's 
Banded) 

Oreohelix  waltoni 

Mountainsnail, 
Whorled 

Oreohelix  vortex 
(=Vortex  Banded) 

Mucket,  Neosho 
(=Neosho  Pearly 
Mussel) 

Lampsilis  rafinesqueana 

Peaclam  (No 
common  name) 

Pisidium  uliramontanum 
Prime 

Peaclam,  Sangre 
de  Cristo 

Pisidium  sanquinichristi 

Pebblesnail,  Ash 
Meadows  (=Point  of 
Rocks  Spring) 

Pyrgulopsis  erythopoma 

Pebblesnail, 
Columbia 
(=Great  Columbia 
River  Spire  Snail) 

Fluminicola 
(=LithogIyphus) 
columbianus 

Pebblesnail,  Moapa 

Fluminicola  avernalis 

Pebblesnail, 
Pahranagat 

Fluminicola  merriami 

Pocketbook,  Ouachita 
Rock  (=Wheeler's 
Pearly  Mussel) 

Arkansia  wheeler! 

Pondsnail,  Thickshell 
(=Utah  Band  Snail) 

Stagicola  utahensis 
(=Lymnaea  Kingii) 

Scaleshell  (Mussel) 

Leptodea  letodon 

Slitmouth,  Rich 
Mountain 

(=Pilsbry's  Narrow- 
apertured  Land 
Snail) 

Stenotrema  pilsbryi 

(Snail,  no 
common  name) 

Monadenia  fidelis 
minor 

—   P 
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Scientific  Name 
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(Snail,  no 
common  name) 

Valvata  utahensis 

Snail,  Amargosa 
Tryonia 

(=Amagosa  &  Small  Solid 
Tryonia) 

Tryonia  variegata 

Snail,  Bliss  Rapids 

Genus  and  species 
undescribed 

Snail,  Cave  Physa 
(=Wyoming  Cave  Snail) 

Physella  (=Pysa)  speluna 

Snail,  Fish  Lake 
Physa  (=Fish 
Lake  snail) 

Physella  (=Stenophysa) 
microstriata 

Snail,  Gila 
Tryonia 

Snail,  Grated 
Tryonia  (=White 
River  snail) 

Tryonia  gilae 
Tryonia  clathrata 

Snail,  Jackson  Lake 

Helisoma  (Carinifex) 
jacksonense 

Snail,  Kanab  amber 

Oxylona  haydeni 
kanabensis 

Snail,  Marbled  Disc 

Discus  marmorensis 

Snail,  Minute 
Tryonia  (=Minute 
Slender  Tryonia 
Snail) 

Tryonia  ericae 

Snail,  Mission  Creek 
Oregonian 

Cryptomastix 
magnidentata 

Snail,  Newcomb's 
Littorine 

Algamorda  newcombiana 
(=Littorina  subrotunda) 

Snail,  New  Mexico 
Hotspring 

'Fontelicella' 
thermalis 

Snail,  Pecos 
Assiminea 

Assiminea  pecos 

Snail,  Point  of 
Rocks  Tryonia 

Tryonia  elata 

p   — 
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Snail,  Quitobaquito 
Tryonia 

Tryonia  quitobaquitae 

Snail,  San  Xavier 
Talus 

Sonorella  eremita 

Snail,  Shortface 
Lanx  (=Giant  Columbia 
River  Limpet 

Fisherola 
nuttalliidorwa 

Snail,  Snake  River 
Physa 

Physa  sp. 

Snail,  Sportinggoods 
Tryonia 

Tryonia  angulata 

Snail,  Utah  Physa 
(=Utah  Bubble  Snail) 

Physella  (=Physa) 
utahensis 

_ 
ft 

Snail,  Virile 
Amargosa 

Genus  and  species 
undescribed 

Snail,  Wet-rock 
Physa  (=Zion  Canyon 
Snail) 

Physella  (=Physa) 
zionis 

Springsnail,  Alamosa 

Tryonia  alamosae 

Springsnail,  Brown 

Pyrgulopsis  solus 

Springsnail,  Bylas 

Apachecoccus  arizona 

Springsnail, 
Chupadera 

'Fontelicella'  chupader 

Springsnail, 
Crystal  Spring 

Pyrgulopsis  cristalis 

Springsnail,  Distal- 
Gland  (=Large-gland 
Nevada  Springnail) 

Pyrgulopsis  nanus 

Springsnail, 
Elongate-gland 

Pyrgulopsis  isolatus 

Springsnail, 
Fairbanks 

Pyrgulopsis 
fairbanksensis 

Springsnail,  Fossil 

Pyrgulopsis  simplex 

Springsnail,  Gila 

'Fontelicella'  gilae 

Springsnail,  Grand 
Wash 

Pyrgulopsis  bacchus 

p 
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Springsnail, 
Huachuca 

Pyrgulopsis  thompsoni 

P         — 

—         — 

— 

—         — 

—        —        — 

_           _         _ 

Springsnail,  Idaho 

Pyrgulopsis 
(=Fontelicella) 
idahoensis 

—         — 

P         — 

— 

—         — 

—        —        — 

—           —         — 

Springsnail,  Jackson 
Lake  (=Elk 
Island  Snail) 

Pyrgulopsis 
(^Fontelicella) 
robusta 

—           —          P 

Springsnail,  Kingman 

Pyrgulopsis  conicus 

P         — 

Springsnail, 
Koster's 

Tryonia  kosteri 

P         — 

—         —         — 

—           —         — 

Springsnail,  Median- 
gland  Nevada 

Pyrgulopsis  pisteri 

.  —         — 

—         — 

C 

—         — 

—        —        — 

—           —         — 

> 

■o 

co 

Springsnail, 
Montezuma  Well 

Pyrgulopsis 
montezumensis 

P         — 

m 
Z 

a 

Springsnail, 
New  Mexico  Hot 

'Fontelicella' 
thermalis 

—         — 

—         — 

— 

C         - 

—        —        — 

—           —         — 

Springsnail,  Oasis 
Valley 

Pyrgulopsis 
(=Fontelicella) 
micrococcus 

P 

Springsnail,  Page 

Pyrgulopsis 
morrisoni 

P          — 

Springsnail,  Pecos 

'Fontelicella' 
pecosensis 

—         — 

—         — 

— 

P         — 

—        —        — 

—           —         — 

Springsnail,  Roswell 

'Fontelicella' 
roswellensis 

—         — 

—         — 

— 

C        — 

—        —        — 

—           —         — 

Springsnail,  San 
Bernadino 

Yaquicoccus 
bernardinus 

P          — 

Springsnail,  Socorro 

'Fontelicella' 
neomexicana 

—         — 

—         — 

— 

c       — 

—        —        — 

—           —         — 

Springsnail,  Three 
Forks 

'Fontelicella' 
trivialis 

P          — 

Springsnail,  Verde 
Rim 

Pyrgulopsis 
glandulosus 

P         — 

Turbellaria 

(Planarian,  no 

Kenkia  rhynchida 

—         — 

—         — 

— 

—        — 

—         P         — 

—           —         — 

common  name) 
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o 


Arachnids 

Pseudoscorpion,  Grand 
Canyon  Cave 

Pseudoscorpion, 
Malheur 

Plants 

Sand-verbena, 
Rose-purple 

Abronia  umbellata 
(Sci.  Name) 


Agave,  Arizona 


Foxglove,  False 

Agave  parviflora 
{Sci.  Name) 

Agave  schottii  var. 
treleasei 
(Sci.  Name) 

Bent  Grass, 
Hendersons's 

Bent  Grass,  Ross 

Aletes  humilis 
(Sci.  Name) 

Onion,  Aase 


Onion,  Blue 
Mountain 

Allium  gooddingii 
(Sci.  Name) 

Ambrosia  linearis 
(Sci.  Name) 

Indigo,  False 

Amsinckia  carinata 
(Sci.  Name) 


Archeolarca  cavicola 
Apochthonius  malheuri 


Abronia  umbellata 
ssp.  acutalata 

Abronia  umbellata 
ssp.  breviflora 

Abutilon  parishii 

Agave  arizonica 

Agave  murphyei 

Agave  sp.  nov.  fined. 

Agalinis  auriculata 

Agave  parviflora 

Agave  schottii  var. 
treleasei 

Agrotis  microphylla 
var.  hendersonii 

Agrostis  rossiae 

Aletes  humilis 

Allium  aaseae 
Allium  constrictum 
Allium  dictuon 

Allium  gooddingii 

Ambrosia  linearis 

Amorpha  ouachitensis 
Amsinckia  carinata 


p___  _  _____  _  —        — 

____  _  ___p_  _  __ 

____  _  _____  _  C        — 

P         —        —        —  —  _____  _  _        — 

E          —         —         —  —  _____  —  —         — 

p___  _  _____  _  __ 

P          —         —         —  —  _____  _  _         — 

p___  _  _____  _  __ 

p___  _  _____  _  __ 

____  _  _____  _  _p 

_p__  _  _____  _  __ 

____  _  _____  _  p_ 

____  _  _____  _  p_ 

_p__  _  _____  _  __ 


> 

TJ 

m 

_: 

X 


Table  H-1  (Continued) 
Special  Status  Species  List 
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Common  Name 


Scientific  Name 


Amsonia  grandi flora 
(Sci.  Name) 

Blue-star,  Kearney's 

Angelica  scabrida 
(Sci.  Name) 

Pussytoes,  Meadow 

Antennaria  aromatica 
(Sci.  Name) 

Antennaria  soliceps 
(Sci.  Name) 

Columbine 


Rock  Cress,  Bodie  Hills 


Rock  Cress,  Sapphire  Mt. 

Rock  Cress, 
Koehler's 

Arabis  koehleri 
var.  stipitata 
(Sci.  Name) 


Rock  Cress,  Boundary  Peak 

Arabis  pusilla 
(Sci.  Name) 

Rock  Cress,  Carson  Range 


Arabis  serpentinicola 
(Sci.  Name) 

Rock  Cress  (Gray 
Knolls,  Uintah  Co.) 

Arabis  sp.  (Del  Norte, 
Curry  Cos.) 
(Sci.  Name) 


Amsonia  fugatei 
Amsonia  grandiflora 

Amsonia  kearneyana 
Angelica  scabrida 

Antennaria  arcuata 
Antennaria  aromatica 

Antennaria  soliceps 

Aquilegia  micrantha 
var.  mancosana 

Arabis  bodiensis 

Arabis  falcatoria 

Arabis  falcifructa 

Arabis  fecunda 

Arabis  koehleri  var. 
koehleri 

Arabis  koehleri  var. 
stipitata 

Arabis  ophira 
Arabis  pinzlae 
Arabis  pusilla 

Arabis  rigidissima  var. 
demota 

Arabis  serpentinicola 

Arabis  sp. 

Arabis  sp.  (Del  Norte, 
Curry  Cos.) 
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Scientific  Name 
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Arabis  suffrutescens 
var.  horizontalis 
(Sci.  Name) 

Arabis  suffrutescens  var. 
horizontalis 

Rock  Cress,  Tiehm's 

Arabis  tiehmii 

Arabis  williamsii 
(Sci.  Name) 

Arabis  williamsii 

Desert  poppy 

Arctomecon  californica 

Bear-poppy,  Dwarf 

Arctomecon  humilis 

Desert  poppy,  white  bear 

Arctomecon  merriamii 

Arenaria  franklinii 
var.  thompsonil 
(Sci.  Name) 

Arenaria  franklinii 
var.  thompsonii 

Arenaria  kingii  ssp. 
rosea 
(Sci.  Name) 

Arenaria  kingii  ssp. 
rosea 

Arenaria  paludicola 
(Sci.  Name) 

Arenaria  paludicola 

Argemone  arizonica 
(Sci.  Name) 

Argemone  arizonica 

Prickly-poppy,  Sacramento 

Argemone  pleiacantha  ssp 
pinnatisecta 

Arnica  pan icu lata 
(Sci.  Name) 

Arnica  paniculata 

Artemisia  campestris 
var.  wormskioldii 
(Sci.  Name) 

Artemisia  campestris 
var.  wormskioldii 

Artemisia  ludoviciana 
ssp.  estesii 
(Sci.  Name) 

Artemisia  ludoviciana 
ssp.  estesii 

Milkweed,  Eastwood's 

Asclepias  eastwoodiana 

Milkweed,  San  Juan 

Milkweed,  Welsh's 

Asplenium  andrewsii 
(Sci.  Name) 


Asclepias  sanjuanensis 
Asclepias  welshii 
Asplenium  andrewsii 
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Scientific  Name 

Aster  blepharophyllus 
(Sci.  Name) 

Aster  blepharophyllus 

Aster,  Curtus 

Aster  curtus 

Aster,  Gorman 

Aster  gormanii 

Aster  jessicae 
(Sci.  Name) 

Aster  jessicae 

Aster  kingii  var. 
barnebyana 

Aster  mollis 
(Sci.  Name) 

Aster  mollis 

Aster  vialis 
(Sci.  Name) 

Aster  vialis 

_ 
do 

Astragalus  aequalis 
(Sci.  Name) 

Astragalus  aequalis 

CO 

Milk-vetch,  Gumbo 

Astragalus  ampullarius 

Astragalus  anserinus 
(Sci.  Name) 

Astragalus  anserinus 

Astragalus  applegatei 
(Sci.  Name) 

Astragalus  applegatei 

Milk-vetch 

Astragalus  atratus  var. 
inseptus 

Astragalus  australis  var. 
olympicus 

Astragalus  barrii 
(Sci.  Name) 

Astragalus  barrii 

Milk-vetch,  Beatley 

Astragalus  beatleyae 

Astragalus  colli n us 
var.  laurentii 
(Sci.  Name) 

Astragalus  collinus 
var.  laurentii 

Milk-vetch,  Columbia 

Astragalus  columbianus 

Milk-vetch,  Sentry 

Astragalus  cremnophylax 

AZ         CO        ID       MT       NV       NM        ND       OK         OR         SD       UT       WA       WY 


var.  cremnophylax) 

Astragalus  cremnophylax 
var.  myriorrhaphis 
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Common  Name 


Scientific  Name 
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Milk-vetch,  Cronquist 

Astragalus  debequaeus 
(Sci.  Name) 

Milk-vetch,  Deseret 

Astragalus  diaphanus 
(Sci.  Name) 

Milk-vetch 


Astragalus  cronquistii 
Astragalus  debequaeus 

Astragalus  desereticus 

Astragalus  diaphanus 
var.  diurnus 

Astragalus  equisolensis 

Astragalus  eremiticus  var. 
ampuliariodes 

Astragalus  eurylobos 


Wooly  Pod,  Black 

Astragalus  funereus 

Astragalus  geyeri  var. 
triquetrus 
(Sci.  Name) 

Astragalus  geyeri  var. 
triquetrus 

Milk-vetch,  Hamilton 

Astragalus  hamiltonii 

Astragalus 
holmgreniorum 
(Sci.  Name) 

Astragalus  holmgreniorum 

Milk-vetch,  Mancos 

Astragalus  humillimus 

Astragalus  jejunus  ssp. 
(Sci.  Name) 

Astragalus  jejunus 
var.  articulatus 

Milk-vetch,  Kerr's 

Astragalus  kerrii 

Astragalus  knightii 
(Sci.  Name) 

Astragalus  knightii 

Astragalus  lentiginosus 
var.  ambiguus 
(Sci.  Name) 

Astragalus  lentiginosus 
var.  ambiguus 

Milk-vetch,  San  Pitch 
Valley 

Astragalus  lentiginosus 
var.  chartaceus 

Astragalus  lentiginosus 
var.  sesquimetralis 
(Sci.  Name) 

Astragalus  lentiginosus 
var.  sesquimetralis 

Astragalus  limnocharis 
var.  limnocharis 
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Common  Name 


Scientific  Name 


Astragalus  limnocharis 
var.  tabulaeus 


Milk-vetch 

Astragalus  microcymbus 

Milk-vetch,  Darwin 
Mesa 

Astragalus  mohavensis 
var.  hemigyrus 

Milk-Vetch,  Heliotrope 

Astragalus  montii 

Astragalus  mulfordiae 
(Sci.  Name) 

Astragalus  mulfordiae 

Astragalus  musimonum 
(Sci.  Name) 

Astragalus  musimonum 

Astragalus  oophorus 
var.  clokeyanus 
(Sci.  Name) 

Astragalus  oophorus 
var.  clokeyanus 

1 

Milk-vetch,  Lavin's 

Astragalus  oophorus  var. 
lavinii 

Astragalus  oophorus  var 
lonchocalyx 

Milk-vetch,  Osterhout 

Astragalus  osterhoutii 

Astragalus  peckii 
(Sci.  Name) 

Astragalus  peckii 

Milk-vetch,  Ash  Meadows 

Astragalus  phoenix 

Astragalus  preussii  var. 
cutleri 

Astragalus  proimanthus 

Milk-vetch,  Spring 
Mountain 

Astragalus  remotus 

Milk-vetch,  Ripley 
Milk-vetch,  Robbins 

Astragalus  sabulosus 
(Sci.  Name) 

Milk-vetch,  Schmoll 


Astragalus  ripleyi 

Astragalus  robbinsii 
var.  occidentalis 

Astragalus  sabulosus 


Astragalus  scaphoides 
Astragalus  schmolliae 
Astragalus  serpens 
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Common  Name 


Milk-vetch,  Tiehm's 

Milk-vetch,  Wetherill 
Milk-vetch,  Whited 
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Astragalus  tiehmii 
Astragalus  triquetrus 
Astragalus  wetherillii 
Astragalus  sinuatus 


Astragalus  solitarius 
(Sci.  Name) 

Astragalus  solitarius 

Milk-vetch 

Astragalus  sterilis 

Astragalus  subcinereus 
var.  basalticus 
(Sci.  Name) 

Astragalus  subcinereus 
var.  basalticus 

d> 

Astragalus 
tegetarioides 
(Sci.  Name) 

Astragalus  tegetarioidei 

Astragalus  tyghensis 
(Sci.  Name) 

Astragalus  tyghensis 

Milk-vetch 

Astragalus  uncialis 

1 

Astragalus 
vexilliflexus 
var.  nubilus 
(Sci.  Name) 

Astragalus  vexilliflexus 
var.  nubilus 

Milk-vetch,  Gladiator 

Astragalus  xiphoides 

Milk-vetch,  Osgood 
Mountains 

Astragalus  yoder- 
wiliamsii 

Atriplex  canescens 
var.  gigantea 
(Sci.  Name) 

Atriplex  canescens 
var.  gigantea 

Saltbush 

Atriplex  pleiantha 

Bensoniella  oregona 
(Sci.  Name) 

Bensoniella  oregona 

Botrychium  ascendens 
Botrychium  crenulatum 
Botrychium  pallidum 

Botrychium  paradoxum 
(Sci.  Name) 

Botrychium  paradoxum 
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Grape  Fern,  Crater  Lake 

Reed  Grass,  Thurber's 

Reed  Grass 

Sand  Grass 

Mariposa,  Cox's 

Mariposa,  Greene's 

Calochortus  howellii 
(Sci.  Name) 

Mariposa 

Mariposa-lily,  Peck's 
Long-bearded 

Calochortus  nitidus 
(Sci.  Name) 

Mariposa,  Alkali 


Camissonia 
confertiflora 
(Sci.  Name) 

Camissonia  exilis 
(Sci.  Name) 

Camissonia  megalantha 
(Sci.  Name) 

Camissonia  specuicola 
ssp.  hesperia 
(Sci.  Name) 

Toothwort,  yellow-tubered 

Bitter  Cress, 
Saddle  Mountain 

Sedge,  Indian 
Valley 

Carex  fissa 
(Sci.  Name) 


Botrychium  pedunculosum 
Botrychium  pumicola 
Calamagrostis  crassiglumis 
Calamagrostis  tweedyi 
Calamovilfa  arcuata 
Calochortus  coxii 
Calochortus  greenei 
Calochortus  howellii 

Calochortus  indecorus 

Calochortus  longebarbatus 
var.  peckii 

Calochortus  nitidus 

Calochortus  striatus 
Camassia  howelii 
Camissonia  atwoodi 
Camissonia  confertiflora 

Camissonia  exilis 

Camissonia  megalantha 

Camissonia  specuicola 
ssp.  hesperia 

Cardamine  gemmata 
Cardamine  pattersonii 

Carex  aboriginum 

Carex  fissa 
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Sedge,  tissue 

Sedge,  Waterfall's 

Carex  lenticularis 
var.  dolia 
(Sci.  Name) 

Sedge,  Navajo 

Chinquapin,  Ozark 

Indian  Paintbrush, 
Aquarius 

Indian  Paintbrush, 
Green-tinged 

Indian  Paintbrush, 
Christ's 

Castilleja  cryptantha 
(Sci.  Name) 

Castilleja  kaibabensis 
(Sci.  Name) 

Castilleja  levisecta 
(Sci.  Name) 

Paintbrush,  Mogollon 

Paintbrush,  Steen's  Mt. 

Indian  Paintbrush, 
Reveal 

Indian  Paintbrush 

Castilleja  steenensis 
(Sci.  Name) 

Centaury,  Spring-loving 

Cereus  greggii 
(Sci.  Name) 

Chaetopappa  elegans 
(Sci.  Name) 

Chaetopappa  hersheyi 
(Sci.  Name) 


Carex,  hyalina 

Carex  latebracteata 

Carex  lenticularis  var. 
dolia 

Carex  specuicola 

Castanea  pumila 
var.  ozarkensis 

Castilleja  aquariensis 
Castilleja  chlorotica 
Castilleja  christii 
Castilleja  cryptantha 
Castilleja  kaibabensis 
Castilleja  levisecta 

Castilleja  mogollonica 

Castilleja  pilosa  var. 
steenensis 

Castilleja  revealii 

Castilleja  salsuginosa 
Castilleja  steenensis 

Centaurium  namohpilum 

Cereus  greggii  var. 
greggii 

Chaetopappa  elegans 
Chaetopappa  hersheyi 
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Cheilanthes  arizonica 
(Sci.  Name) 

Cheilanthes  pringlei 
(Sci.  Name) 

Choisya  mollis 
(Sci.  Name) 


Chrysothamnus  molestus 
(Sci.  Name) 


Bird's-beak,  Tecopa 

Corydalis  aquae-gelidae 
(Sci.  Name) 


Cheilanthes  arizonica 

Cheilanthes  pringlei 

Choisya  mollis 

Chrysothamnus  eremobius 
Chrysothamnus  molestus 

Chrysothamnus  parry!  ssp. 
montanus 


Cordylanthus  tecopensis 
Corydalis  aquae-gelidae 


_  _  p         _  _ 


Cimicifuga  arizonica 

Cimicifuga  arizonica 

C 

(Sci.  Name) 

HI 

do 

Cirsium  longistylum 

— 

CD 

Thistle,  Ownbey's 

Cirsium  ownbeyi 

— 

Thistle,  Sacramento 

Cirsium  vinaceum 

— 

Mountains 

Cirsium  virginensis 

Cirsium  virginensis 

P 

(Sci.  Name) 

Claytonia  lanceolata 

Claytonia  lanceolata 

C 

var.  flava 

var.  flava 

(Sci.  Name) 

Clematis  hirsutissima 

Clematis  hirsutissima 

c 

var.  arizonica 

var.  arizonica 

(Sci.  Name) 

Cleome  multicaulis 

Cleome  multicaulis 

p 

(Sci.  Name) 

Collomia  mazama 

Collomia  mazama 

— 

(Sci.  Name) 

Collomia  renacta 



Bird's-beak,  North 

Cordylanthus  maritimus 

— 

Coast 

ssp.  palustris 
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Common  Name 


Scientific  Name 


Coryphantha  recurvata 
(Sci.  Name) 

Cactus,  Cochise  Pincushion 

Coryphantha  scheeri 
var.  robustispina 
(Sci.  Name) 

Cactus,  Lee  Pincushion 
Cactus,  Sneed  Pincushion 
Catseye 


Coryphantha  duncanii 
Coryphantha  recurvata 

Coryphantha  robbinsorum 

Coryphantha  scheeri 
var.  robustispina 

Coryphantha  sneedii 
var.  leei 

Coryphantha  sneedii 
var.  sneedii 

Cryptantha  aperta 

Cryptantha  cinerea  var. 
arenicola 


Cymopterus  davisii 
Cymopterus  douglassii 
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Catseye,  Compact 

Cryptantha  compacta 

— 

Cryptantha 
creutzfeldtii 

Cryptantha  creutzfeldtii 

— 

(Sci.  Name) 

Catseye 

Cryptantha  insolita 

— 

Catseye,  Yellow-white 

Cryptantha  ochroleuca 

— 

Cryptantha,  Schoolcraft's 

Cryptantha  schoolcraftii 

— 

Cryptantha  subcapitata 
(Sci.  Name) 

Cryptantha  subcapitata 

Cryptantha,  Welsh's 

Cryptantha  welshii 

— 

Dodder 

Cuscuta  attenuata 

— 

Dodder,  Warner's 

Cuscuta  warneri 

P 

Draba,  Bodie  Hills 

Cusickiella  quadricostata 

— 

Cycladenia,  Jones 

Cycladenia  humilis  var. 
jonesii 

T 

Cymopterus  beckii 
(Sci.  Name) 

Cymopterus  beckii 
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,4. 


Cymopterus  goodrichii 
(Sci.  Name) 

Biscuitroot,  Higgins 

Biscuitroot,  Cedar 
Breaks 

Cymopterus  ripleyi 
var.  saniculoides 
(Sci.  Name) 

Cynanchum  wigginsi 
(Sci.  Name) 


Prairie-Clover, 
Hole-in-the-Rock 

Indigobush,  Gentry's 

Delphinium  leucophaeum 
(Sci.  Name) 

Delphinium  pavonaceum 
(Sci.  Name) 

Larkspur,  Wenatchee 

Larkspur 

Bundleflower,  Ruby 

Douglasia  idahoensis 
(Sci.  Name) 

Draba  arida 
(Sci.  Name) 

Draba  jaegeri 
(Sci.  Name) 


Draba  paucifructa 
(Sci.  Name) 


Cactus,  Nichol's  Turk's 
head 


Cymopterus  goodrichii 

Cymopterus  higginsii 
Cymopterus  minimus 


Cymopterus  ripleyi 
var.  saniculoides 


Cynanchum  wigginsii 

Cypripedium  kentuckiense 

Dalea  flavescens 
var.  epica 

Dalea  tentaculoides 

Delphinium  leucophaeum 

Delphinium  pavonaceum 

Delphinium  viridescens 
Descurainia  torulosa 
Desmanthus,  bicornutus 
Douglasia  idahoensis 

Draba  arida 

Draba  jaegeri 

Draba  kassii 
Draba  paucifructa 

Draba  trichocarpa 

Echinocactus 
horizonthalonius  var. 
nicholii 
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Common  Name 


Cactus,  Kuenzler  hedgehog 
Cactus,  Arizona  hedgehog 


Cactus,  Spineless 
hedgehog 

Cactus,  Acuna 


Sunray,  Ash  Meadows 

Willowherb,  Nevada 
Fleabane,  Acoma 
Daisy,  Basalt 


Daisy,  Cronquist 

Erigeron  decumbens 
var.  decumbens 
(Sci.  Name) 

Erigeron  hessi 
(Sci.  Name) 

Fleabane,  Howell's 

Daisy,  Kachina 

Fleabane 

Fleabane 

Erigeron  lemmonii 
(Sci.  Name) 


Scientific  Name 


Echinocereus  fendleri  var. 
kuenzleri 

Echinocereus 
triglochidiatus  var. 
arizonicus 

Echinocereus 
triglochidiatus  var. 
inermis 

Echinomastus 
erectocentrus  var. 
acunensis 

Echinomastus 
erectocentrus  var. 
erectocentrus 

Enceliopsis  nudicaulis  var. 
corrugata 

Epilobium  nevadense 

Erigeron  acomanus 

Erigeron  basalticus 

Erigeron  canaanii 

Erigeron  carringtonae 

Erigeron  cronquistii 

Erigeron  decumbens 
var.  decumbens 

Erigeron  hessii 

Erigeron  howellii 
Erigeron  kachinensis 
Erigeron  kuschei 
Erigeron  lackshewitz 
Erigeron  latus 
Erigeron  lemmonii 
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Common  Name 


Scientific  Name 


Erigeron  maguirei 
var.  harrisonii 
(Sci.  Name) 

Daisy,  Maguire 


Daisy,  Depauperate 

Erigeron  ovinus 
(Sci.  Name) 

Erigeron  pringlei 
(Sci.  Name) 

Fleabane,  Zuni 


Erigeron  sionis 
(Sci.  Name) 

Erigeron  sp. 
(Sci.  Name) 

Erigeron  untermannii 
(Sci.  Name) 


Pipewort 

Wild-buckwheat,  Cimmarron 

Wild-buckwheat, 
Sand-loving 

Wild-buckwheat,  Mono 

Wild-buckwheat,  Apache 

Wild-buckwheat, 
Widstoe 

Wild-buckwheat 

Wild-buckwheat,  Forked 

Wild-buckwheat, 
Brandegee 

Wild-buckwheat 


Erigeron  maguirei 
var.  harrisonii 


Erigeron  maguirei  var. 
maguirei 

Erigeron  mancus 

Erigeron  ovinus 

Erigeron  pringlei 

Erigeron  rhizomatus 
Erigeron  salmonensis 
Erigeron  sionis 

Erigeron  sp. 

Erigeron  untermannii 

Erigeron  zothecinus 
Eriocaulon  kornickianum 
Eriogonum  aliquantum 
Eriogonum  ammophilum 

Eriogonum  ampullaceum 
Eriogonum  anemophilum 
Eriogonum  apachense 
Eriogonum  aretioides 

Eriogonum  argophyllum 
Eriogonum  bifurcatum 
Eriogonum  brandegei 

Eriogonum  capillare 
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Common  Name 


Scientific  Name 


Wild-buckwheat, 
Golden 

Wild-buckwheat, 
Cronquist 

Buckwheat,  Crosby's 

Buckwheat,  Cusick's 

Buckwheat,  Holmgren's 

Wild-buckwheat,  Gypsum 

Eriogonum  lagopus 
(Sci.  Name) 

Eriogonum  lobbii 
var.  robustum 
(Sci.  Name) 

Wild-buckwheat 

Buckwheat,  Steamboat 

Wild-buckwheat, 
Clay-loving 

Wild-buckwheat, 
Ripley 

Wild-buckwheat, 
Smith 

Eriogonum  soredium 
(Sci.  Name) 

Buckwheat,  Tiehm's 

Wild-buckwheat 
Thompson  Atwood's 

Wild-buckwheat 

Eriogonum  visheri 
(Sci.  Name) 


Eriogonum  chrysops 

Eriogonum  cronquistii 

Eriogonum  crosbyae 
Eriogonum  cusickii 
Eriogonum  holmgrenii 
Eriogonum  gypsophilum 
Eriogonum  lagopus 

Eriogonum  lewisii 

Eriogonum  lobbii 
var.  robustum 

Eriogonum  mortonianum 

Eriogonum  ovalifolium 
var.  williamsiae 

Eriogonum  pelinophilum 
Eriogonum  ripleyi 
Eriogonum  smithii 
Eriogonum  soredium 

Eriogonum  tiehmii 

Eriogonum  thompsonae 
var.  atwoodii 

Eriogonum  viscidulum 

Eriogonum  visheri 

Erythronium  grandiflorum 
var.  nudipetalum 
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Common  Name 


Graptopetalum  bartramii 
(Sci.  Name) 

Hedge-hyssop, 
Boggs  Lake 

Gumplant,  Ash  Meadows 

Grindelia  howellii 
(Sci.  Name) 
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Erythronium  sp. 
(Sci.  Name) 

Erythronium  elegans 

Eutrema,  Penland 

Eutrema  penlandii 

Flaveria  macdougallii 
(Sci.  Name) 

Flaveria  macdougallii 

Forsellesia,  Clokey's 

Forsellesia  clokeyi 

Forsellesia,  smooth 
pungent 

Forsellesia  pungens  var. 
glabra 

Frasera  coloradensis 
(Sci.  Name) 

Frasera  coloradensis 

Green-gentian 

Frasera  gypsicola 

Green-gentian 

Frasera  pahutensis 

X 
t 

Green-gentian, 
Umpqua 

Frasera  umpquaensis 

Mission-bells, 
Gentner 

Fritillaria  gentneri 

Bedstraw,  Kingston 

Galium  hilendiae  ssp. 
kingstonense 

Gaura  neomexicana 
ssp.  coloradensis 
(Sci.  Name) 

Gaura  neomexicana 
ssp.  coloradensis 

Gentian 

Gentiana  setigera 

Gilia,  Rabbit  Valley 

Gilia  caespitosa 

Gilia,  Beautiful 

Gilia  formosa 

Cress,  Toad-flax 

Glaucocarpum 
suffrutescens 

Graptopetalum  bartramii 

Gratiola  heterosepala 

Grindelia  fraxinopratensis 
Grindelia  howellii 
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Stickseed,  Cronquist's 

Stickleaf,  Mesa  Verde 

Stickseed 

Stickseed,  Showy 

Haplopappus  a  I  pin  us 
(Sci.  Name) 

Goldenweed 


Haplopappus 
insecticruris 
(Sci.  Name) 

Haplopappus 
liatriformis 
(Sci.  Name) 

Goldenweed,  Small-headed 

Goldenweed 


Hastingsia  bracteosa 
(Sci.  Name) 

Pennyroyal,  McKittrick 

Pennyroyal,  Todsen's 

Hedysarum  occidentale 
var.  canone 
(Sci.  Name) 

Sunflower,  Algodones 
Dunes 

Sunflower 

Golden-aster,  Jones 


Gutierizia  petradoria 
Habenaria  zothecina 
Hackelia  cronquistii 
Hackelia  gradient  a 
Hackelia  ibapensis 
Hackelia  venusta 
Haplopappus  alpinus 

Haplopappus  crispus 

Haplopappus  fremontii 
ssp.  monocephalus 

Haplopappus  graniticus 

Haplopappus  insecticruris 

Haplopappus  liatriformis 
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—         P 
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Haplopappus  microcephalus        —  ____  p  __        —        —        — 

Haplopappus  radiatus  —  —          C        —  —          _         _        _        c        —        — 

Haplopappus  zionis  —  —          —        —  —           _____         p 

Hastingsia  bracteosa  —  —          —        —  —           —          —         —         C         —        — 

Hedeoma  apiculatum  —  —          —        —  —         TCH        _____ 

Hedeoma  todsenii  —  —          —        —  —         TCH        _____ 

Hedysarum  occidentale  —  —        —        —  —          _____          p 
var.  canone 

Helianthus  niveus  ssp.  P  —        —        —  —          —         —         —         —         —         — 

tephrodes 

Helianthus  paradoxus  ____  _  c          —         —         —         —         — 

Heterotheca  jonesii  —  ___  _          —         ____         p 

Hexalectris  nitida  ___        —  _  p_         —         ___ 


Common  Name 


Horkelia  hendersonii 
(Sci.  Name) 

Howellia  aquatilis 
(Sci.  Name) 

Hymenoxys  depressa 
(Sci.  Name) 


Ipomopsis  polyantha 
var.  polyantha 
(Sci.  Name) 

Ipomopsis,  Holy  Ghost 


Ivesia  cryptocaulis 
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Horkelia  hendersonii 
Howellia  aquatilis 
Hymenoxys  depressa 

Hymenoxys  lapidicola 

Ipomopsis  polyantha 
var.  polyantha 

Ipomopsis  sancti-spiritus 
Iris  pariensis 
Ivesia  cryptocaulis 


(Sci.  Name) 

Ivesia  jaegeri 

Ivesia,  Ash  Meadows 

Ivesia  kingii  var. 
eremica 

Ivesia,  Pine  Nut 
Mountains 

Ivesia  pityocharis 

Ivesia,  Grimy 

Ivesia  rhypara  var. 
rhypara 

Ivesia,  Venator  Canyon 

Ivesia  rhypara  var. 
shellyi 

Ivesia,  Webber's 

Ivesia  webberi 

Jamesia  americana  var. 
zionis 

Jamesia  tetrapetala 

Glade-cress,  Golden' 

Leavenworthia  aurea 

Pepper  Cress,  Barneby 

Lepidium  barnebyanum 

Pepper  Cress,  Davis' 

Lepidium  davisii 

Lepidium  montanum 
var.  papilliferum 

Lepidium  montanum 
var.  stellae 
(Sci.  Name) 

Lepidium  montanum 
var.  stellae 

_       p       _       _       _       _ 


c  —         —        —        — 


c       -      -       c 
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Common  Name 


Scientific  Name 


Lepidium  ostleri 
(Sci.  Name) 

Lepidospartum  burgessii 
(Sci.  Name) 


Lesquerella  condensata 
(Sci.  Name) 

Bladderpod,  Dudley  Bluffs 

Bladderpod,  Garrett 

Bladderpod,  Kaibab 
(Sci.  Name) 

Bladder-pod 

Bladder-pod 

Lewisia  cotyledon 
var.  purdyi 
(Sci.  Name) 

Lewisia  maguirei 
(Sci.  Name) 

Lilaeopsis  recurva 
(Sci.  Name) 

Lily,  Western 

Lilium  parryi 
(Sci.  Name) 

Meadowfoam, 
Bellinger's 

Meadowfoam,  Wooly, 
Large-flowered 

Meadowfoam,  Wooly 
Dwarf 

Mudwort 

Lomatium  attenuatum 
(Sci.  Name) 


Lepidium  ostleri 

Lepidospartum  burgessii 

Leptodactylon  pungens 
ssp.  hazelae 

Lesquerella  condensata 

Lesquerella  congesta 
Lesquerella  garrettii 
Lesquerella  humilis 
Lesquerella  kaibabensis 

Lesquerella  pruinosa 

Lesquerella  tumulosa 

Lewisia  cotyledon 
var.  purdyi 

Lewisia  maguirei 

Lilaeopsis  schaffneriana 
var.  recurva 

Lilium  occidentale 

Lilium  parryi 

Limnanthes  floccosa 
ssp.  bellingerana 

Limnanthes  floccosa 
ssp.  grandiflora 

Limnanthes  floccosa 
ssp.  pumila 

Limoselia  pubiflora 

Lomatium  attenuatum 
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Desert-parsley, 
Bradshaw's 

Lomatium  bradshawii 

Desert-parsley,  Adobe 

Lomatium  concinnum 

Desert-parsley,  Cook's 

Lomatium  cookii 

Desert-parsley, 
Red-fruited 

Lomatium  erythrocarpum 

Desert-parsley, 
Greenman's 

Lomatium  greenmanii 

Lomatium  laevigatum 
(Sci.  Name) 

Lomatium  laevigatum 

Lomatium  latilobum 
(Sci.  Name) 

Lomatium  latilobum 

X 

CO 

Desert-parsley, 
Suksdorf's 

Lomatium  suksdorfii 

Desert-parsley, 
Hoover's 

Lomatium  tuberosum 

Luina  serpentina 
(Sci.  Name) 

Luina  serpentina 

Lupinus  aridus 
ssp.  ashlandensis 
(Sci.  Name) 

Lupinus  aridus 
ssp.  ashlandensis 

Lupinus  biddlei 
(Sci.  Name) 

Lupinus  biddlei 

Lupinus  crassus 
(Sci.  Name) 

Lupinus  crassus 

Lupinus  cusickii 
(Sci.  Name) 

Lupinus  cusickii 

Lupine,  Williamette 
Valley 

Lupinus  sulphureus  var. 
kincaidii 

Lygodesmia  doloresensis 
(Sci.  Name) 

Lygodesmia  doloresensis 

Skeletonplant, 
Entrada 

Lygodesmia  entrada 

Machaeranthera 
laeterirens 

p       —      — 


p      —      —       — 
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Margaranthus  lemmonii 
(Sci.  Name) 

Mentzelia  densa 
(Sci.  Name) 

Blazing-star,  Ash  Meadows 

Stickleaf,  Smooth 


Stickleaf,  Packard's 


Margaranthus  lemmonii 

Mentzelia  densa 

Mentzelia  leucophylla 

Mentzelia  mollis 

Mentzelia  multicaulis 
var.  labrina 

Mentzelia  packardiae 

Mentzelia  shultziorum 


Microseris  howellii 

Microseris  howellii 

(Sci.  Name) 

"L 

Mimulus  clivicola 

Mimulus  gemmiparus 
(Sci.  Name) 

Mimulus  gemmiparus 
Mimulus  hymenophyllus 

Monkey  Flower, 

Mimulus  patulus 

Stalk-leaved 

Monkeyflower, 

Mimulus  pygmaeus 

Egg  Lake 

Monkeyflower,  Washington 

Mimulus  washingtonensis 
var.  washingtonensis 

Four-o'clock, 

Mirabilis  macfarlanei 

MacFarlane's 

Mirabilis 

Mirabilis  rotundifolia 

rotundifolia 

(Sci.  Name) 

Montia  howelii 

Musineon  lineare 

Musineon  lineare 

(Sci.  Name) 

Myosurus  minimus 

Myosurus  minimus 

ssp.  apus 

ssp.  apus 

(Sci.  Name) 

Naiad,  Fish  Lake 

Najas  caespitosa 

—       p 
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Common  Name 


Scientific  Name 


Notholaena  lemmonii 
(Sci.  Name) 

Notholaena  lemmonii 

Evening-primrose, 
Klein's 

Oenothera  kleinii 

Oenothera  organensis 
(Sci.  Name) 

Oenothera  organensis 
Oenothera  psammophila 

Evening-primrose, 
Wolf's 

Oenothera  wolfii 

Evening-primrose 

Oenothera  psammophila 

Opuntia  arenaria 
(Sci.  Name) 

Opuntia  arenaria 

I 

— 1 

Opuntia  whipplei 
var.  multigeniculata 
(Sci.  Name) 

Opuntia  whipplei 
var.  multigeniculata 

Cholla,  Wiggins 

Opuntia  wigginsii 
Oreoxis  trotteri 

Oryctes  nevadensis 
(Sci.  Name) 

Oryctes  nevadensis 

Parthenium  tetraneuris 
(Sci.  Name) 

Parthenium  tetraneuris 

Pectis  imberbis 
(Sci.  Name) 

Pectis  imberbis 

Cactus,  Brady  Pincushion 

Pediocactus  bradyi 

Cactus,  San  Rafael 

Pediocactus  despainii 

Cactus,  Knowlton 

Pediocactus  knowltonii 

Cactus,  Paper-spined 

Pediocactus  papyra- 
canthus 

Cactus,  Kaibab  Pincushion 

Pediocactus  paradinei 

Cactus,  Fickeisen 
Pincushion 

Pediocactus  peeblesianui 
var.  fickeiseniae 

Cactus,  Peebles  Navajo 
Cactus,  Siler  Pincushion 


Pediocactus  peeblesianus 
var.  peeblesianus 

Pediocactus  sileri 
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Common  Name 


I 


Pediocactus  winkleri 
(Sci.  Name) 


Penstemon  absorkensis 
(Sci.  Name) 

Penstemon  alamosensis 
(Sci.  Name) 

Beardtongue 

Penstemon,  white-margined 

Penstemon  ammophilum 
(Sci.  Name) 


Penstemon  arenarius 
(Sci.  Name) 

Penstemon  atwoodii 
(Sci.  Name) 

Penstemon  barrettiae 
(Sci.  Name) 

Penstemon  bicolor 
ssp.  bicolor 
(Sci.  Name) 

Penstemon  bicolor 
ssp.  roseus 
(Sci.  Name) 

Beardtongue,  Red 
Canyon 

Beardtongue,  Cache 

Beardtongue,  Tunnel 
Springs 

Beardtongue,  Parachute 

Beardtongue,  Degener 

Beardtongue 
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Pediocactus  winkleri  —        —        —        —  —  —         —         __  —  c         —         — 

Pediomelum  periensis  —        ___  _  ____  p         —         — 

Pediomulum  trinervatum  —        ____  p____  —        —         — 

Penstemon  absorkensis  —        ___  _  _______         p 

Penstemon  alamosensis  —        —        —        —  —  P         —         —        —  —  ___ 

Penstemon  albifluvis  —         C        —        —  —  —         —         —         _  _  c         —         — 

Penstemon  albomarginatus  P—        —        —  P  ____  —  —        —         — 

Penstemon  ammophilum  —        —        —        —  —  ___         _  —  p__ 

Penstemon  angustifolius  —        ___  _  ___         —  _p__ 

var.  dulcis 

Penstemon  arenarius  —        —        —        —  P  _.__         —  —  —        —         — 

Penstemon  atwoodii  .  —        —        —        —  —  —         —         —         —  —  P         —         — 

Penstemon  barrettiae  —        —        —        —  —  —         —         _         p  _  _         p         _ 

Penstemon  bicolor  ____  p  ___        —  —  —        —         — 
ssp.  bicolor 

Penstemon  bicolor  P         —        —        —  P  ____  —  _        —         — 
ssp.  roseus 

Penstemon  bracteatus  —        ___  _  _         —         —        __p__ 

Penstemon  compactus  ____  _  —        ____  p__ 

Penstemon  concinnus  —        —        —        —  P  —         —         —        —  —  P         —         — 

Penstemon  debilis  —          P         —        —  —  —         —         —         —  —  —         —         — 

Penstemon  degeneri  —         P         —        —  —  ____  —  —        —         — 

Penstemon  discolor  C         —        —        —  —  —         —         —        —  —  —        —         — 
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Common  Name 


Beardtongue 
Beardtongue,  Tidestrom 


Scientific  Name 


Penstemon  distans 

Penstemon  distans 

(Sci.  Name) 

Penstemon  floribundus 

Penstemon  flowersii 

Penstemon  flowersii 

(Sci.  Name) 

Penstemon,  Amargosa 

Penstemon  fruticiformis 
ssp.  amargosae 

Penstemon  gibbensii 

Penstemon  gibbensii 

(Sci.  Name) 

Beardtongue 

Penstemon  glaucinus 

Penstemon  goodrichii 

Penstemon  goodrichii 

(Sci.  Name) 

Beardtongue,  Graham 

Penstemon  grahamii 

dl 

Beardtongue,  Harrington 

Penstemon  harringtonii 

co 

Penstemon,  Idaho 

Penstemon  idahoensis 

Beardtongue,  Lemhi 

Penstemon  lemhiensis 

Penstemon  leptanthus 

Penstemon  leptanthus 

(Sci.  Name) 

Beardtongue,  tiger 

Penstemon  mensarum 

Penstemon  navajoa 

Penstemon  navajoa 

(Sci.  Name) 

Beardtongue 

Penstemon  pahutensis 

Penstemon  parviflorus 

Penstemon  parviflorus 

(Sci.  Name) 

Beardtongue,  small 

Penstemon  parvus 

Penstemon  peckii 

Penstemon  peckii 

(Sci.  Name) 

Beardtongue,  Penland 

Penstemon  penlandii 
Penstemon  pinorum 

Penstemon  pudicus 

Penstemon  pudicus 

(Sci.  Name) 

Penstemon  retrorsus 
Penstemon  tidestromii 
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Common  Name 


Beardtongue,  Ward 

Perideridia 
erythrorhiza 
(Sci.  Name) 

Rock-daisy,  Ajo 

Perityle  cernua 
(Sci.  Name) 

Perityle  cochisensis 
(Sci.  Name) 

Perityle  saxicola 
(Sci.  Name) 


Rockmat,  Chelan 

Phacelia  argentea 
(Sci.  Name) 

Phalcelia,  Clay 

Phacelia,  Beatley 

Phacelia,  North  Park 

Phacelia  inconspicua 
(Sci.  Name) 

Phacelia,  Sticky 

Phacelia,  Mono 

Phacelia  nevadensis 
(Sci.  Name) 

Phacelia 

Phacelia 

Bean,  supine 

Phlox,  Clearwater 

Phlox  sp. 
(Sci.  Name) 

Pholisma  sonorae 
(Sci.  Name) 


Scientific  Name 
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Penstemon  wardii 
Perideridia  erythrorhiza 

Perityle  ajoensis 
Perityle  cernua 

Perityle  cochisensis 

Perityle  saxicola 

Perityle  specuicola 
Petrophytum  cinerascens 
Phacelia  argentea 

Phacelia  argillacea 
Phacelia  beatleyae 
Phacelia  formosula 
Phacelia  inconspicua 

Phacelia  lenta 
Phacelia  monoensis 
Phacelia  nevadensis 

Phacelia  submutica 
Phacelia  weishii 
Phaseolus  supinus 
Phlox  idahonis 
Phlox  pungens 

Pholisma  sonorae 
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Common  Name 


Physaria  didymocarpa 
var.  lyrata 
(Sci.  Name) 

Physaria  dornii 
(Sci.  Name) 

Twinpod,  Dudley  Bluffs 


Plagiobothrys  hirtus 
var.  corallicarpus 
(Sci.  Name) 

Popcornflower 

Orchid,  Eastern  Prairie 
Fringed 

Orchid,  Western  Prairie 
Fringed 

Semaphore  Grass, 
Oregon 

Blue  Grass,  Sea  Cliff 

Jacob's  Ladder 

Polemonium  pectinatum 
(Sci.  Name) 

Combleaf 

Milkwork,  Mimbres 

Physaria  bellii 
(Sci.  Name) 

Cinquefoil,  Soldier 
Meadows 

Potentilla  effusa 
var.  rupincola 
(Sci.  Name) 
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Physaria  didymocarpa                 _        _         p        —          —  _  _                               — 
var.  lyrata 

p 

Physaria  dornii                             —        —        —        —          —  —  — 

Physaria  obcordata                      —         T         —        —          —  —  — 

Plagiobothrys  figuratus               —        —        —        —          —  ——          -           P 

var.  corallicarpus/ined. 

Plagiobothrys  hirtus                    _         _        _        —          —  —  —                     P 

var.  corallicarpus 

Plagiobothrys  lamprocarpus       —        —        —        —          —  —  —         —         P                                           — 

Platanthera  leucophaea               —        —        —        —          —  —  —         T 

Platanthera  praeclara                   —        —        —        —          —  —  —         T 

Pleuropogon  oregonus                ____          —  —  —                     P 

r>  

Poa  unilateralis                            —         —        —        —          —  —                                                                  ^ 

Polemonium  pauciflorum             P         —        —        —          —  —  —         — 

ssp.  hinckleyi 

p         

Polemonium  pectinatum              —        —        —        —          _  _  — 

Polyctenium  williamsiae              —        —        —        —          p  —  ~ ' 

Polygala  rimulicola  var.                —        —        —        —          —  P  — 
mescolorum 

Physaria  bellii                              —         P         —        —          —  —  —         —         -                                 — 

Potentilla  basaltica                       —         —        —        —          C  —  —         ■ 

Potentilla  effusa                           —         P         —        —          —  —  —                               — 

var.  rupincola 

Primula  alcalina                             —         —         P          P           —  — 


'H 
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Common  Name 


Scientific  Name 


Primula  hunnewellii 
(Sci.  Name) 

Primrose,  Maguire 

Primrose 

Scurf-pea 

Psoralea  pariensis 
(Sci.  Name) 

Psoralea  trinervata 
(Sci.  Name) 

Psorothamnus 
polyadenitis  var. 
jonesii 
(Sci.  Name) 

Psorothamnus  thompsonae 
var.  whitingii 
(Sci.  Name) 

Need  leg  rass, 
Porter's 

Alkali  Grass,  Parish's 

Cliffrose,  Arizona 

Buttercup,  Autumn 

Ranunculus  austro- 
oreganus 
(Sci.  Name) 

Ranunculus  reconditus 
(Sci.  Name) 

Rorippa  caycina 
(Sci.  Name) 

Water  Cress 

Rorippa  columbiae 
(Sci.  Name) 


Primula  capillaris 
Primula  domensis 
Primula  hunnewellii 

Primula  maguirei 
Primula  nevadensis 
Psoralea  epipsila 
Psoralea  pariensis 

Psoralea  trinervata 

Psorothamnus  polyadenius 
var.  jonesii 


Psorothamnus  thompsonae 
var.  whitingii 

Ptilagrostis  mongholica 
ssp.  porteri 

Puccinellia  parishii 

Purshia  subintegra 

Ranunculus  acriformis 
var.  aestivalis 

Ranunculus  austro- 
oreganus 

Ranunculus  reconditus 

Rorippa  calycina 

Rorippa  coloradensis 
Rorippa  columbiae 
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Common  Name 


Rorippa  subumbellata 
(Sci.  Name) 

Rosa  stellata 
(Sci.  Name) 

Rubus  nigerrimus 
(Sci.  Name) 

Rumex  orthoneurus 
(Sci.  Name) 

Salix  arizonica 
(Sci.  Name) 


Scientific  Name 


Rorippa  subumbellata 

Rosa  stellata  var. 
nov.  lined. 

Rubus  nigerrimus 
Rumex  orthoneurus 
Salix  arizonica 

Salvia  dorii  var.  clokeyi 

Saxifraga  bryophora 
var.  tobiansiae 


_ 

Saxifrage,  Saddle 
Mountain 

Saxifraga  hitchcockiana 

Thelypody,  Clay 

Schoenocrambe  argillacea 

Fishhook,  cactus, 
Blaine's 

Sclerocactus  blainei 

Cactus,  Unita  Basin 
Hookless 

Sclerocactus  glaucus 

Cactus,  Mesa  Verde 

Sclerocactus,  mesae-verdae 

Cactus,  Schleser's 
Fishhook 

Sclerocactus  schleseri 

Cactus,  Wright  Fishhook 

Sclerocactus  wrightiae 

Figwort 

Scrophularia  macrantha 

Stonecrop 

Sedum  moranii 

Sedum  oblanceolatum 
(Sci.  Name) 

Sedum  oblanceolatum 

Stonecrop,  Star-fruited, 
small 

Sedum  radiatum  ssp. 
depauperatum 

Selaginella  utahensis 
(Sci.  Name) 

Selaginella  utahensis 

Schoencrambe  barnebyi 
(Sci.  Name) 

Schoencrambe  barnebyi 
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Table  H-1  (Continued) 
Special  Status  Species  List 


Common  Name 


Ragwort,  Ertter's 

Groudsei,  San  Francisco 
Peaks 

Senecio  hesperius 
(Sci.  Name) 

Groundsel,  Huachuca 

Senecio  quaerens 
(Sci.  Name) 

Shoshonea  pulvinata 
(Sci.  Name) 

Checker-mallow 
Nelson's 

Sidalcea  oregana 
var.  calva 
(Sci.  Name) 


Silene  clokeyi 
(Sci.  Name) 

Catchfly, 
Cascade  Head 

Catchfly,  Jan's 

Catchfly,  Plateau 

Silene  rectiramea 
(Sci.  Name) 

Silene  regia 
(Sci.  Name) 

Silene  seelyi 
(Sci.  Name) 

Silene  spaldingii 
(Sci.  Name) 

Blue-eyed  Grass,  Pale 

Sisyrinchium 
sarmentosum 
(Sci.  Name) 


Scientific  Name 


Senecio  ertterae 

Senecio  franciscanus 
Groudsei 

Senecio  hesperius 


Senecio  huachucanus 
Senecio  quaerens 

Shoshonea  pulvinata 

Sidalcea  nelsoniana 

Sidalcea  oregana 
var.  calva 

Sidalcea  setosa 
Silene  clokeyi 

Silene  douglasii 
var.  oraria 

Silene  nachlingerae 

Silene  petersonii 

Silene  rectiramea 

Silene  regia 

Silene  seelyi 

Silene  spaldingii 

Sisyrinchium  pallidum 
Sisyrinchium  sarmentosum 
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Table  H-1  (Continued) 
Special  Status  Species  List 


Common  Name 


Sophora  gypsophila 
var.  guadalupensis 
(Sci.  Name) 

Sophora  leachiana 
(Sci.  Name) 

Globe-mallow,  Jones 

Sphaeralcea  psoraloides 
(Sci.  Name) 

Tansy 

Tansy,  Zion 

Sagebrush,  False 
Laramie 

Lady's  tresses,  Plateau 

Lady's  tresses,  Ash 
Meadows 

Wire-lettuce;  Malheur 

Jewelflower,  Lemmon's 

Jewelflower,  Masonic  Mt. 

Jewelflower 

Stroganowia,  Tiehm's 

Sullivantia  oregana 
(Sci.  Name) 

Kittentails 

Flame  flower,  Pinos  Altos 

Talinum  marginatum 
(Sci.  Name) 

Talinum  validulum 
(Sci.  Name) 

Tauschia  hooveri 
(Sci.  Name) 

Tauschia,  Howell's 


Scientific  Name 


CO       ID 


IT       MV       E 


OK        OR 


UT       WA       WY 


Solidago  ouachitsnsis 

Sophora  gypsophila 
var.  guadalupensis 

Sophora  leachiana 

Sphaeralcea  caespitosa 
Sphaeralcea  psoraloides 


_  _        _        _         P 


Sphaeromeria  compacta  —          —        —        —  C  —  —  —  —         — 

Sphaeromeria  ruthiae  —          __       —  —  —  —  —  —          ■  ■         P 

Sphaeromeria  simplex  —          —        ___  —  _  —  —                               P 

Spiranthes  diluvialis  —          C        —        —  —  —  —  —  —         —         C 

Spiranthes  infernalis  —          —        —        —  P  —  —  —  — 

Stephanomeria  malheurensis        —  __        —  —  —  —  —  ECH        —        — 

Streptanthus  lemmonii  P          __        _       _  —  —  —  —  —         — 

Streptanthus  oliganthus  ___—  p  —  —  —  —          —        — 

Streptanthus  squamiformis  ____  —  —  —  P  —          —        — 

Stroganowia  tiehmii  —          —        —        —  p  —  —  —  —         — 

Sullivantia  oregana  ____  —  —  —  —  P                                 P 

Synthyris  ranunculina  —          —        —        —  C  —  — 

Talium  humile  p—        —        —  —  P—  —  — 

Talinum  marginatum  P          —        ___  —  —  —  — 

Talinum  thompsonii  ____._  —  —  —  ——  P                    — 

Talinum  validulum  P          —        —        —  —  —  —  p 

Tauschia  hooveri  _____  —  —  —  ——  P 

Tauschia  howellii  —          —        —        —  —  —  — 


Table  H-1  (Continued) 
Special  Status  Species  List 


Common  Name 


Scientific  Name 


Thelesperma  pubescens 
(Sci.  Name) 

Thelesperma  subnudum 
var.  alpinum 
(Sci.  Name) 

Thelypodium  eucosmum 
(Sci.  Name) 

Thelypodium  howellii 
var.  spectabilis 
(Sci.  Name) 

Thelypody,  Jaeger's 
(wavy-ieaf) 


Thalictrum  arkansanum 
Thelesperma  pubescens 

Thelesperma  subnudum 
var.  alpinum 

Thelypodium  eucosmum 

Thelypodium  howellii 
var.  spectabilis 

Thelypodium  repandum 

Tofieldia  glutinosa  ssp. 
absona 


Townsendia,  Last  Chance  Townsendia  aprica 

Townsendia  ionesii 
var.  lutea 


Townsendia  jonesii 
var.  tumulosa 
(Sci.  Name) 

Townsendia  sp. 
(Sci.  Name) 

Tradescantia  ozarkana 
(Sci.  Name) 

Trifolium  andersonii 
var.  friscanum 
(Sci.  Name) 

Trifolium  barnebyi 
(Sci.  Name) 

Trifolium  leibergii 
(Sci.  Name) 

Clover,  Owyhee 

Clover,  Thompson 


Townsendia  jonesii 
var.  tumulosa 

Townsendia  sp. 

Tradescantia  ozarkana 

Trifolium  andersonii 
var.  friscanum 

Trifolium  barnebyi 

Trifolium  leibergii 

Trifolium  owyheense 
Trifolium  thompsonii 
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Table  H-1  (Continued) 
Special  Status  Species  List 


Common  Name 


Scientific  Name 
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Trisetum  orthochaetum 
(Sci.  Name) 

Globe-berry,  Tumamoc 

Valeria,  Guadalupe 

Vauquelinia  pauciflora 
(Sci.  Name) 

Xylorhiza  cronquistii 
(Sci.  Name) 


Trisetum  orthochaetum 

Tumamoca  macdougalii 

Valeriana  texana 

Vauquelinia  californica 
ssp.  pauciflora 

Xylorhiza  cronquistii 


—         P 


P  —        — 


_  p  _         _  _ 


—         P         —         — 
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Experimental  nonessential  in  Gila  River  drainage  of  Arizona. 
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APPENDIX  I 


TARGET  PLANT  SPECIES 


This  appendix  contains  an  updated  list  of  target 
plant  species.  Also,  the  lists  of  plant  species  that 
have  been  approved  for  treatment  in  the  states 
addressed  in  the  Northwest  Area  Noxious  Weed  Con- 
trol Program  (NANWCP)  have  been  duplicated  and 
placed  in  this  EIS  as  Sections  12-1, 12-2  and  12-3  to 
enable  a  comparison  between  the  target  species 
addressed  in  both  EISs. 


Section  11  -  Target  Plant  Species 

Section  12-1  -  Noxious  and  Troublesome  Weeds  to 
be  Considered  for  Treatment 

Section  12-2  -  Poisonous  Plants  to  be  Considered  for 
Treatment  in  the  EIS  Area 

Section  12-3  -  Noxious  Weed  Target  Species  to  be 
Treated 


Appendix  11 
Target  Plant  Species 


Common  Name 


Scientific  Name 


State(s) 


Grasses 

Bermuda  grass 
Bluegrass,  Annual 
Cheatgrass 
Foxtail,  Giant 
Johnsongrass 
Medusahead 
Oats,  Wild 
Quackgrass 

Forbs 

Amaranth,  Palmer 

Bindweed,  Field 

Bindweed,  Hedge 

Buffalobur 

Burdock 

Camphorweed 

Cocklebur 

Cocklebur,  Mexican 
Cress,  Hoary  (Whitetop) 
Dodder 

Fieldcress,  Austrian 
Gumweed,  Curly  Cup 
Halogeton 
Hemlock,  Poison 
Hemlock,  Water 
Hemp 

Henbane,  Black 
Hounds  Tongue 
Iris 

Ivy,  Poison 
Knapweed 
Knapweed,  Diffuse 
Knapweed,  Russian 
Knapweed,  Spotted 
(or  Squarose) 


Cynodon  dactylon 
Poa  annua 
Bromus  tectorum 
Setaria  faberi 
Sorghum  halepense 
Taeniatherum  asperum 
Avena  fatua 
Agropyron  repens 

Amaranthus  palmeri 
Convolvulus  arvensis 
Convolvulus  sepium 
Solanum  rostratum 
Arctium  minus 
Heterotheca  subaxillaris 
Xanthium  pennsylvanicum 

Xanthium  sp. 
Cardaria  draba 
Cuscuta  spp. 
Rorippa  austriaca 
Grindelia  squarrosa 
Halogeton  glomeratus 
Conium  maculatum 
Cicuta  sp. 
Cannabis  sativa 
Hyoscyamus  niger 
Cynoglossum  officinale 
Iris  spp. 

Toxicodendron  radicans 
Centaurea  spp. 
Centaurea  diffusa 
Centaurea  repens 
Centaurea  maculosa 


Arizona 
South  Dakota 
Idaho 

South  Dakota 
Arizona,  Nevada 
Idaho,  Montana,  Utah 
South  Dakota 
South  Dakota 

New  Mexico 

Nevada,  North  Dakota,  South  Dakota 

South  Dakota 

Nevada 

Colorado 

Arizona 

Nevada,  North  Dakota,  South 

Dakota,  Utah 

Arizona 

Nevada 

South  Dakota 

Nevada 

Utah,  Wyoming 

Nevada 

Idaho,  Montana,  Nevada,  Wyoming 

Nevada 

North  Dakota 

Colorado,  Utah 

Colorado,  Utah 

Nevada,  Wyoming 

Colorado 

Colorado,  Nevada 

Nevada,  New  Mexico 

Nevada,  North  Dakota,  South  Dakota,  Utah 

North  Dakota,  South 

Dakota,  Utah,  Wyoming 
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Appendix  11  (Continued) 
Target  Plant  Species 


Common  Name 


Scientific  Name 


State(s) 


Kochia 
Licorice 
Mallow,  Little 
Milkweed,  Poison 
Mustard,  Tumble 
Mustard,  Wild 

Nettle,  Horse 

Nightshade 
Pennycress,  Field 
Ragweed,  Common 
Sowthistle,  Perennial 
Spurge,  Leafy 

Starthistle,  Iberian 
Starthistle,  Purple 
Starthistle,  Yellow 
Sunflower 
Thistle,  Canada 

Thistle,  Musk 

Thistle,  Russian 
Thistle,  Scotch 
Thistle,  Blue 
Thistle,  Plumeless 
Toadflax 
Vine,  Puncture 
Woad,  Dyers 

Shrubs  and  Trees 

Acacia 

Alder 

Berry,  Thimble 

Broom,  Desert 

Burroweed 

Camelthorn 

Ceanothus 

Cholla 

Creosotebush 

Elderberry 

Greasewood 

Juniper 

Juniper,  One-seed 

Locust,  New  Mexican 

Manzanita 

Maple 

Mesquite 

Mulberry 
Nine-bark 
Oak,  Gambel 
Oak,  Shinnery 
Oak,  Shrub  Live 
Peaweed,  Austrian 
Pine,  Pinyon 
Rabbitbrush 


Kochia  scoparia 
Glycyrrhiza  lepidota 
Malva  parviflora 
Asclepius  spp. 
Sisymbrium  altissimum 
Brassica  kaber,  B.  nigra, 
and  B.  juncea 
Solanum  carolinese 
and  S.  elaeagnifolium 
Solanum  spp. 
Thiaspi  arvense 
Ambrosia  artemisiifolia 
Sonchus  arvensis 
Euphorbia  esula 

Centaurea  iberica 
Centaurea  calcitrapa 
Centaurea  solstiltialis 
Helianthus  annuus 
Circium  arvense 

Carduus  nutans 

Salsola  kali 

Onopordum  acanthium 
Echium  vulgare 
Carduus  acanthoides 
Linaria  spp. 
Tribulus  terrestris 
Isatis  tinctoria 

Acacia  spp. 
Alnus  spp. 
Rubus  parviflorus 
Baccharis  sarothroides 
Haplopappus  tenuisectus 
Alhagi  camelorum 
Ceanothus  spp. 
Opuntia  spp. 
Larrea  tridentata 
Sambucus  canadensis 
Sarcobatus  vermiculatus 
Juniperus  spp. 
Juniperus  monosperma 
Robinia  neomexicana 
Arctostaphylos  spp. 
Acer  spp. 
Prosopis  juliflora 
and  P.  velutina 
Morus  spp. 

Physocarpus  malvaceus 
Quercus  gambelii 
Quercus  havardii 
Quercus  turbinella 
Sphaerophysa  salsula 
Pinus  edulis 
Chrysothamnus  spp. 


Arizona,  Wyoming 

Nevada 

Arizona 

Utah 

Wyoming 

South  Dakota 

Nevada,  South  Dakota 

New  Mexico 

South  Dakota 

Idaho,  Wyoming 

North  Dakota,  South  Dakota 

Colorado,  Nevada,  New  Mexico, 

North  Dakota,  South  Dakota,  Utah 

Nevada 

Nevada 

Nevada 

Arizona 

Colorado,  Nevada,  New  Mexico,  North 

Dakota,  South  Dakota,  Utah 

Nevada,  New  Mexico,  North  Dakota, 

South  Dakota,  Utah 

Arizona,  Nevada,  New  Mexico 

Nevada,  Utah 

Colorado 

South  Dakota 

Colorado,  Nevada 

Nevada 

Colorado 

Arizona 

Idaho,  Montana 

Idaho 

Arizona 

Arizona 

Arizona,  Nevada 

Arizona 

New  Mexico 

Arizona,  New  Mexico 

Idaho,  Montana 

Montana,  Nevada,  Oregon,  Utah 

Arizona,  Idaho,  Nevada,  Oregon,  Utah 

Nevada,  New  Mexico 

Arizona 

Oregon 

Idaho 

Arizona,  New  Mexico 

Colorado 

Idaho 

Colorado 

New  Mexico 

Arizona,  New  Mexico 

Nevada 

Nevada 

Colorado,  Idaho,  Montana,  Nevada, 

New  Mexico,  Oregon 
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Appendix  11  (Continued) 
Target  Plant  Species 


Common  Name 


Scientific  Name 


State(s) 


Rose 

Sage,  Mediterranean 

Sagebrush 

Sagebrush,  Sand 
Sagebrush,  Big 
Saltbush,  Fourwing 
Saltcedar  (tamarisk) 

Snakeweed 

Spray,  Ocean 
Tarbush 
Weed,  Klamath 
Wormwood,  Absinth 


Rosa  spp. 
Salvia  aethiopis 
Artemisia  spp. 

Artemisia  fill  folia 
Artemisia  tridentata 
Atriplex  canescens 
Tamarix  pentandra 

Gutierrezia  sarothrae 

Holodiscus  discolor 
Flourensia  cernua 
Hypericum  perforatum 
Artemisia  absinthim 


Idaho 

Nevada 

Arizona,  Colorado,  Montana,  Nevada, 

Oregon,  Wyoming 

Idaho,  New  Mexico 

Idaho,  Nevada,  New  Mexico,  Utah 

Arizona 

Arizona,  Colorado,  Montana,  Nevada, 

New  Mexico 

Arizona,  Montana,  New  Mexico,  Utah, 

Colorado 

Idaho 

New  Mexico 

Nevada 

North  Dakota 


Appendix  12-1 
Noxious  and  Troublesome  Weeds  to  be  Considered  for  Treatment 


Common  Name 

Scientific  Name 

Origin 

Life  Duration 

Austrian  fieldcress 

Rorippa  austriaca 

Europe 

creeping  perennial 

Austrian  Peaweed 

Swainsona  salsula 

Asia 

perennial 

(Swainson  pea) 

buffalo  bur 

Solarium  rostratum 

Native 

annual 

camelthorn 

Alhagi  camelorum 

Mediterranean 

perennial 

common  crupina 

Crupina  vulgaris 

Europe 

annual 

(bearded  creeper) 

field  bindweed 

Convolvulus  arvensis 

Europe 

creeping  perennial 

(wild  morning  glory, 

creeping  jenny) 

black  henbane 

Hyoscyamus  niger 

Europe 

annual,  biennial 

jointed  goatgrass 

Aegilops  cylindrica 

Mediterranean 

annual 

purple  loosestrife 

Lythrum  salicaria 

Mediterranean 

perennial 

perennial  pepperweed 

Lepidium  latifolium 

Europe 

creeping  perennial 

perennial  sowthistle 

Sonchus  arvensis 

Eurasia 

creeping  perennial 

poison  hemlock 

Conlum  maculatum 

Eurasia 

biennial 

puncture  vine  (caltrop) 

Tribulus  terrestris 

Europe 

annual 

rush  skeletonweed 

Chondrilla  juncea 

Eurasia 

perennial 

silver-leaf  nightshade 

Solanum  elaegnifolium 

Native 

perennial 

(white  horsenettle) 

Skeletonleaf  bursage 

Franseria  discolor 

Native 

creeping  perennial 

(povertyweed,  bur-ragweed, 

silver  leaf) 

Syrian  bean  caper 

Zygophyllum  fabago 

Mediterranean 

annual 

wild  carrot 

Daucus  carota 

Eurasia 

biennial 

(Quenn  Anne's  lace) 

gorse 

Ulex  Europaeus 

Europe 

perennial 

Mediterranean  sage 

Salvia  aethiopis 

Mediterranean 

biennial 

Source:  BLM  1985a. 
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APPENDSX  I 
Poisonous  Plants  to  be  Considered  for  Treatment  in  the  EIS  Area 


Common?  Marine 

Scientific  Name 

Origin 

Life  Duration 

ragweed 

Ambrosia  spp. 

Eastern  U.S. 

annual 

western  false  hellebore 

Veratrum  californicum 

Native 

perennial 

death  camas 

Zigadenus  paniculatus 

Native 

perennial 

halogeton 

Halogeton  glomeratus 

Asia 

annual 

locoweed  (Tweedy's  milkvetch 

Astragalus  tweedyi 

Native 

perennial 

St.  Johnswort  (Klamath 

Hypericum  perforatum 

Europe 

creeping  perennial 

weed,  goatweed) 

western  water  hemlock 

Cituta  dougiasii 

Native 

annual 

jimson  weed  (Jamestown 

Datura  stratamonium 

N.  America 

annual 

weed,  thomapple) 

common  groundsel 

Senecio  vulgaris 

Europe 

annual 

cocklebur 

Xanthium  pennsylvanicum 

Native 

annual 

Indian  hemp  (hemp  dogbane) 

Apocynum  cannabinum 

Native 

creeping  perennial 

larkspur 

Delphinium  spp. 

Native 

perennial 

White  snakeroot 

Eupatorium  rugosum 
(Eupatorium  urticaefolium) 

Native 

creeping  perennial 

sneezeweed 

Helenium  spp. 

Native 

creeping  perennial 

lupine 

Lupinus  spp. 

Native 

perennial 

crazy  weed 

Oxytropis  spp. 

Native 

perennial 

Source:  BLM  1985a. 


I-4 


Appendix  12-3 
Noxious  Weed  Target  Species  to  be  Treated 


Oi 


Common  Name 

Scientific  Name 

Origin 

Life 
Duration 

Average 
Annual  % 
of  Spread1 

Average  Annual  % 

Reduction  of 
Carrying  Capacity1 

Reported  Toxic 

Effects  to 

Other  °lants 

Canada  thistle 

Cirsium  arvense 

Eurasia 

creeping 
perennial 

10 

42 

no 

hoary  cress  (whitetop) 

Cardaria  draba 

Europe 

creeping 
perennial 

9 

55 

no 

leafy  spurge 

Euphorbia  esula 

Eurasia 

creeping 
perennial 

12 

592 

yes 

Russian  knapweed 

Centaurea  repens 

Eurasia 

creeping 
perennial 

8 

55 

yes 

spotted  knapweed 

Centaurea  maculosa 

Eurasia 

biennial 
or  simple 
perennial 

24 

80 

yes 

diffuse  knapweed 

Centaurea  diffusa 

Eurasia 

annual, 
biennial 
or  simple 
perennial 

18 

59 

yes 

dalmatian  toadflax 

Linaria  dalmatica 

Europe 

creeping 
perennial 

0 

46 

no 

common  toadflax 
(yellow  toadflax) 
(butter  and  eggs) 

Linaria  vulgaris 

Eurasia 

creeping 
perennial 

9 

34 

no 

common  tansy  (garden 
tansy) 

Tanacetum  vulgare 

Europe 

creeping 
perennial 

11 

50 

no 

tansy  ragwort  (common 
ragwort,  stinking 
Willie,  staggerwort) 

Senecio  jacobaea 

Europe 

biennial  or 
simple 
perennial 

16 

45 

no 

> 

■9 

m 

z 

D 
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Appendix  12-3  (Continued) 
Noxious  Weed  Target  Species  to  be  Treated 


Common  Name 


Scientific  Name 


Origin 


Life 
Duration 


Average 
Annual  % 
of  Spread1 


Average  Annual  % 

Reduction  of 
Carrying  Capacity1 


Dyers  woad 


yellow  starthistle 

musk  thistle 
Scotch  thistle 


Isatis  tinctoria  Europe 


Centaurea  solstitialis  Europe 

Carduus  nutans  Eurasia 

Onopordum  acanthium  Eurasia 


annual, 
biennial, 
or  simple 
perennial 

annual  or 
biennial 

Biennial 

Biennial 


1  Averages  obtained  from  personal  communications  with  the  following  weed  scientists: 
Dr.  Harold  Alley,  Emeritus,  University  of  Wyoming,  Laramie,  Wyoming 

Dr.  Gene  Arnold,  South  Dakota  State  University,  Brookings,  South  Dakota 

Dr.  Bob  Callihan,  University  of  Idaho,  Moscow,  Idaho 

Dr.  Pete  Faye,  Montana  State  University,  Bozeman,  Montana 

Dr.  Calvin  Messersmith,  North  Dakota  State  University,  Fargo,  North  Dakota 

Dr.  Tom  Whitsom,  Oregon  State  University,  Corvallis,  Oregon 

2  Utilization  by  cattle  and  horses  is  zero. 

3  Utilization  by  all  animals  after  bud  formation  is  zero. 


14 


17 

15 

16 


38 


653 

33 
38 


Reported  Toxic 

Effects  to 

Other  Plants 


no 


yes 

no 
no 


> 

■q 

m 

Z 

2 


Source:  BLM  1985a. 


APPENDIX  J 

BLM  MANUAL  REFERENCES  FOR  RENEWABLE 
RESOURCE  IMPROVEMENTS 

General  and  specific  program  direction  (policy,  required  procedures,  and  standards)  concerning  use  of 
renewable  resource  improvements  is  contained  in  several  Manual  Sections  and  Handbooks.  The  following 
list  of  references  provides  a  general  index  to  information  for  Bureau  managerial  and  staff  personnel  to  use. 
Additional  specific  information  is  contained  in  the  material  referenced  below: 

(1)  Handbook  H-1 740-1—  Renewable  Resource  Improvement  and  Treatment  Guidelines  and  Procedures. 

(2)  Manual  Section  1741— Renewable  Resource  Improvements,  Practices,  and  Standards. 

(3)  Handbook  H-1741-1— Fencing. 

(4)  Manual  Section  1742— Emergency  Fire  Rehabilitation. 

(5)  Handbook  H-1 742-1— Emergency  Fire  Rehabilitation. 

(6)  Manual  Section  1743— Renewable  Resource  Investment  Analysis. 

(7)  Handbook  H-1 743-1 —Resource  Investment  Analysis:  User  Handbook  for  the  SageRam  Computer 
Program. 

(8)  Manual  Section  1112— Safety. 

(9)  Manual  Section  1510— Procurement. 

(10)  Manual  Section  1601— Bureau  Planning  System. 

(11)  Manual  Section  1617— Resource  Management  Plan  Approval,  Use,  and  Modification. 

(12)  Manual  Section  1619— Activity  Plan  Coordination. 

(13)  Manual  Section  1620-1625— Supplemental  Program  Guidance. 

(14)  Manual  Section  2920— Leases,  Permits,  and  Easements. 

(15)  Manual  Section  4100— Grazing  Administration  -  Exclusive  of  Alaska. 

(16)  Manual  Section  4120— Grazing  Management. 

(17)  Handbook  H-41 20-1— Grazing  Management. 

(18)  Manual  Section  4010— Range  Management  Program  Records 

(19)  Handbook  H-401 0-1—  Range  Management  Program  Records 

(20)  Manual  Section  4400— Rangland  Inventory,  Monitoring,  and  Evaluation 

(21)  Handbook  H-4400-1— Rangland  Inventory,  Monitoring,  and  Evaluation 

(22)  Manual  Section  5000— Forest  Management. 

(23)  Manual  Section  5400— Sales  of  Forest  Products. 

(24)  Manual  Section  6500— Wildlife  and  Fisheries  Management. 

(25)  Manual  Section  6780— Habitat  Management  Plans. 

(26)  Manual  Section  6840— Special  Status  Species  Management. 

(27)  Manual  Section  7000— Soil,  Water,  and  Air  Management. 

(28)  Manual  Section  8100— Cultural  Resource  Management 

(29)  Manual  Section  8160— Native  American  Coordination  and  Consultation 

(30)  Manual  Section  901 1— Chemical  Pest  Control    This  manual  is  one  of  two  manuals  that  replaced  9222 
in  1988. 
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(31)  Manual  Section  H-901 1-1 —Chemical  Pest  Control    This  manual  is  one  of  two  manuals  that  replaced 
9222  in  1988. 

(32)  Manual  Section  9014— Use  of  Biological  Control  Agents  of  Pest  on  Public  Lands    This  manual  was 
released  10/30/90. 

(33)  Manual  Section  9100— Engineering. 


ty  Planning, 
ty  Design, 
ty  Construction, 
ty  Maintenance. 


(34)  Manual  Section  9101— Facili 

(35)  Manual  Section  9102— Facili 

(36)  Manual  Section  9103— Facili 

(37)  Manual  Section  9104— Facili 

(38)  Manual  Section  9114— Trails. 

(39)  Manual  Section  9132— Operational  Signs. 

(40)  Manual  Section  9172— Water  Control  Structures. 

(41)  Handbook  H-91 72-1  —Water  Control  Structures— Guidelines  for  Design. 

(42)  Handbook  H-91 72-2— Water  Control  Structures— Guidelines  for  Construction  Drawings. 

(43)  Manual  Section  9177— Maintenance  and  Safety  of  Dams. 

(44)  Handbook  H-91 77-1— Performing  Condition  Surveys  for  Earth  Embankment  Dams. 

(45)  Handbook  H-91 77-2— Preparing  Emergency  Action  Plans. 

(46)  Handbook  H-91 77-3— Reporting  Dam  Failures. 

(47)  Manual  Section  9182— Wastewater  Treatment. 

(48)  Manual  Section  9183— Municipal— Community  Related  Solid  Waste. 

(49)  Manual  Section  9184— Drinking  Water  Supply. 

(50)  Manual  Section  9220— Integrated  Pest  Management. 

(51)  Manual  Section  9222— Chemical  Pest  Control.  This  Manual  Section  was  removed  from  the  9200  Series 
and  incorporated  into  Manual  Section  9011  and  its  accompanying  Handbook,  H-901 1-1. 
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LIST  OF  COMMENTERS 


Each  person,  organization,  or  agency  that  pro- 
vided written  comments  are  I  isted  here.  As  each  com- 
ment letter  was  received,  it  was  systematically  des- 
ignated an  identification  number  according  to  the 
state  it  originated  from,  and  assigned  a  number  as 
to  its  sequential  origin  of  receipt  (i.e.,  the  first  letter 
received  was  from  Utah  and  was  designated 
UT-0001).  However,  some  letters  were  assigned 
numbers  in  the  2500  and  5000  series  for  data  entry 
purposes.  Once  designated  a  number,  the  original 
letter  was  copied  and  the  copy  used  for  interdiscipli- 
nary EIS  team  analysis.  The  original  was  placed  in 
the  EIS  file  of  record  by  numerical  sequence. 


Letter  Individual,  organization, 

number  or  agency 

UT-0001  JIM  BRADY 

P.O.  BOX  352 
BOULDER,  UT.  84716 

UT-0002  JANE  S.  JONES 

5600  S.  HIGHWAY  191 
MOAB,  UT.  84532 

UT-0003  EMMETT  A.  CLARK 

P.O.  BOX  15  GROVER 
TEASDALE,  UT.  84773 

UT-0004  RIAN  B.  ANDERSON 

BOX  21 
FAIRVIEW,  UT.  84629 

UT-0005  GAYLEN  REES 

FREMONT,  UT.  84747 

UT-0006  CHESTER  E.  JOHNSON 

ALTON,  UT.  84710 

UT-0007  GOLDEN  DURFEY 

P.O.  BOX  33 
BICKNELL,  UT.  84715 

UT-0008  HARRY  F.  HOLRUN 

235  SO.  200  EAST 
CEDAR  CITY,  UT.  84720 

UT-0009  DYLE  WILLIAMS 

BOX  96 
TEASDALE,  UT.  84773 

UT-0010  CALVIN  LARS  NELSO 

BOX  300 
FREMONT,  UT.  84747 

UT-0011  THOMAS  JEFFERY 

1314  EAST  HWY  72 
FREMONT,  UT.  84747 


Letter 
number 

Individual,  organization, 
or  agency 

UT-0012 

OSCAR  TAYLOR 
LYMAN,  UT.  84749 

UT-0013 

JOHN  WADSWORTH 
322  W.  1300  S.  122-8 
HURRICANE,  UT.  84737 

UT-0014 

ALAN  M.  MATHEWS 

BOX  54 

SCIPIO,  UT.  84656 

UT-0015 

G.C.  LARSEN 

165  N.  1ST  E.,  BOX  92-2 

EPHRAIM,  UT.  84627 

UT-0016 

MERLIN  ESPLIN 
P.O.  BOX  48 
ORDERVILLE,  UT.  84758 

UT-0017 

MACK  ESPLIN 
P.O.  BOX  85 
ORDERVILLE,  UT.  84758 

UT-0018 

RAYMOND  V.  HEATON 
P.O.  BOX  2 
ALTON,  UT.  84710 

UT-0019 

WALT  HOWICK 
FREMONT,  UT.  84747 

UT-0020 

PRESTON  BUNTING 
266  W.  200  E  ST. 
KANAB,  UT.  84741 

UT-0021 

NEWEL  NIELSON 
GREENWICH,  UT.  84732 

UT-0022 

SHARP  BRYNER 
915  N.  760  NO. 
PRICE,  UT.  84501 

UT-0023 

D.  RAY  TEBBS 

BOX  205 

PANGUITCH,  UT.  84759 

UT-0024 

KIM  MCDOUGALD 
P.O.  BOX  1330 
MOAB,  UT.  84532 

UT-0025 

LESLIE  D.  BRUNELL 
272  N.  1400  W. 
CLEARFIELD,  UT.  84015 

CO-0026 

STEPHEN  N.  ZUSY 

2741  14TH  ST. 
BOULDER,  CO.  80304 
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Letter 
number 

UT-0027 


UT-0028 
UT-0029 
CO-0030 

CO-0031 

UT-0032 

UT-0033 

UT-0034 

UT-0035 

UT-0036 

UT-0037 

NM-0038 

WY-0039 

UT-0040 

UT-0041 

UT-0042 

MT-0043 


Individual,  organization, 
or  agency 

LESTER  WOOD 

P.O.  BOX  6203 

CEDAR  CITY,  UT.  84721 

TIM  TILLY 
KANAB,  UT.  84741 

HORATIO  GUBLER 
LA  VERKIN,  UT.  84745 

SHARON  JACOBS 
1746  PINE 
BOULDER,  CO.  80302 

DAVID  G.  BIGGS 
805  29TH  ST.  #  261 
BOULDER,  CO.  80303 

M.  HAL  YOUNG 


134  E,  200  N. 
DELTA,  UT.  84624 

UT-0049 

THEO  BERRY 
7500  N.  8470  W. 
DELTA,  UT.  84624 

UT-0050 

DENNIS  IVERSON 
40  E.  200  N. 
WASHIMGTON,  UT.  84780 

UT-0051 

ARCH  ALLRED 
BOX  86 
CLEVELAND.UT.  84518 

AZ-0052 

DON  EDWARDS 
BOX  1477 
LYMAN,  UT.  84749 

UT-0053 

DALE  E.  CLARKSON 
30  E.  CENTER  ST. 
KANAB,  UT.  84741 

CO-0054 

THOMAS  H.  WOOTTEN 

5840  N.  MAIN  ST. 

LAS  CRUCES,  NM.  88001 

DAVE  RAYNOLDS 

30  FIELD  STATION  ROAD 

LANDER,  WY.  82520 

ED  BUNDY 

1985  EAST  2300  SOUTH 

ST.  GEORGE,  UT.  84770 

DELREESE  KAY 

BOX  1 

GOSHEN,  UT.  84633 

HOWARD  MORGAN 

BOX  108 

GOSHEN,  UT.  84633 

JAMES  R.  PLOYHAR 
3618  LOWER  RIVER  ROAD 
GREAT  FALLS,  MT.  59405 


Letter  Individual,  organization, 

number  or  agency 

UT-0044  DOYLE  BERRY 

750  NORTH  7975  WEST 
DELTA,  UT.  84624 

UT-0045  KARL  M.  TAFT 

BICKNELL,  UT.  84715 

UT-0046  DON  CHAPPELL 

P.O.  BOX  1434 
LYMAN,  UT.  84749 

UT-0047  TALMAGE  M.  JANSEN 

BOX  10 
TONEY,  UT.  84775 

UT-0048  DEE  JOHNSON 

20  SOUTH  MAIN 
RANDOLPH,  UT.  84064 

VERN  WILSON 

399  SOUTH  950  EAST 

PAYSON,  UT.  84651 

CHAD  BRINKERHOFF 
P.O.  BOX  164 
BICKNELL,  UT.  84715 

JAMES  D.  KEYES 

SAN  JUAN  COUNTY,  UT.  84530 

DAN  FISCHER 
DOS  CABEZAS  ROUTE, 
BOX  6309 
WILLCOX,  AZ  85643 

GEORGE  M.  WHITE 
SPANISH  VALLEY 
MOAB,  UT.  84532 

BRENTON  R.  BURNETT 
BILLARD  74 
BOULDER,  CO.  80310 

CO-0055  LYNN  ROOVERS 

2905  E.  COLLEGE  AVE  #  209 
BOULDER,  CO.  80303 

CO-0056  ANDREW  CLAERLONT 

695  MANHATTAN  #  12 
BOULDER,  CO.  80303 

UT-0057  CAROLE  J.D.  LARSON 

4510  EARLY  DUKE 
WEST  VALLEY,  UT.  84120 

CO-0058  ERIC  WITTE 

213  BAKER  HALL 
BOULDER,  CO.  80310 

CO-0059  MARLA  RILEY 

161  S.  35TH  ST 
BOULDER,  CO.  80303 
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Letter  Individual,  organization, 

number  or  agency 

UT-0060  SCOTT  AAGARD 

P.O.  BOX  112 
FOUNTAIN  GREEN,  UT.  84632 

UT-0061  G.  MILTON  THAYER 

PRICE,  UT.  84501 

UT-0062  LESTER  C.  THAYER 

SUNNYSIDE  STAR  RT. 
PRICE,  UT.  84501 

UT-0063  W.  EMERSON  COX 

BOX  64 
WOODRUFF,  UT.  84086 

CA-0064  EDWIN  WILLIAMS 

135  MADRONE 
SAN  ANSELMO,  CA  94960 

UT-0065  FRED  THURSTON 

P.O.  BOX  840 
MORGAN,  UT.  84050 

NM-0066  MARTHA  CAST 

P.O.  BOX  201 
SAN  ANTONIO,  NM.  87801 

NM-0067  STEVEN  M.  CATHER 

P.O.  BOX  201 
SAN  ANTONIO,  NM.  87832 

UT-0068  GRANT  M.  ESPLIN 

BOX  466 
BEAVER,  UT.  84713 

UT-0069  TIM  HANNIFIN,  JR 

P.O.  BOX  616 
EUREKA,  UT.  84628 

UT-0070  BRENT  V.  ATKIN 

2040  SO.  TW  CIR 
ST.  GEORGE,  UT.  84770 

UT-0071  RONALD  G.  MACK 

BOX  372 
KANAB,  UT.  84761 

UT-0072  KARL  HEATON 

ALTON,  UT.  84710 

NM-0073  JEANNE  VERPLOEGH 

P.O.  BOX  111 
SAN  ANTONIO,  NM.  87832 

UT-0074  GARY  D.  ANDERSON 

BOX  21 
FAIRVIEW,  UT.  84629 

CA-0075  L.M.  BRADLEY 

19201  PORTOS  DR. 
SARATOGA,  CA.  95070 

NM-0076  CURTIS  VERPLOEGH 

P.O.  BOX  111 
SAN  ANTONIO,  NM.  87832 


Letter 
number 

UT-0077 


NM-0078 


UT-0079 


AZ-0080 


OR-0081 


NM-0082 


UT-0083 


DE-0084 


WY-0085 


NV-0086 


AZ-0087 


AZ-0088 


KS-0089 


UT-0090 


MT-0091 


Individual,  organization, 
or  agency 

CHARLES  D.  WELLS 
8102  SO.  HWY  89 
SOUTH  WEBER,  UT.  84405 

ROBERT  PINE 

1824  EVERGREEN  DR 

SOCORRO,  NM.  87801 

RONALD  M.  LANNER 
UTAH  STATE  UNIVERSITY 
LOGAN,  UT.  84322-5215 

BARRY  K.  WALLACE 
3915  E.  LASALLE, 
BLDG.  "F" 
PHOENIX,  AZ.  85040 

FRANK  NEWTON 

155  COTTAGE  STREET  NE 

SALEM,  OR.  97310 

RONALD  J.  WHITE 

BOX  30005,  DEPT  5702 

LAS  CRUCES,  NM.  88003-0005 

KENNETH  R.  BROWN 

55  SOUTH  STATE  ST, 

SUITE  300 

SALT  LAKE  CITY,  UT.  84111 

ARVON  V.  GLASER 
WALKER'S  MILL, 
BARLEY  MILL  PLAZA 
WILMINGTON,  DE.  19880-0038 

THOMAS  E.  MARCEAU 
BARRETT  STATE  OFFICE  BLDG 
CHEYENNE,  WY.  82002 

ALICE  M.  BALDRICA 
CAPITOL  COMPLEX 
CARSON  CITY,  NV.  89710 

ALAN  DAY 
BLM  SAFFORD  DIST. 
SAFFORD,  AZ.  85546 

DENNIS  W  SUNDIE 
15  SOUTH  15TH  AVE 
PHOENIX,  AZ.  85007 

J.P.  DUTRA 
10890  BENSON  DRIVE, 
SUITE  160 
SHAWNEE  MISSION,  KS.  66210 

GERALD  SAGERS 
UNKNOWN  ADDRESS 
NOT  SHOWN  ON  LTR 
UNKNOWN,  UT 

CON  DONVAN 
123  WEST  MAIN 
SIDNEY,  MT.  59270 
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Letter  Individual,  organization, 

number  or  agency 

ID-0092  FRANK  FRUTCHEY 

106  DALTON  AVE 
COEUR  D'ALENE,  ID.  83814 

MT-0093  LEO  R  MOCK 

BUTTE,  SILVER  BOW 
BUTTE,  MT.  59701 

WA-0094  SAM.  WRIGHT 

115  GENERAL  ADMINISTRATION 

BLDG 

OLYMPIA,  WA.  98504 

MT-0095  K.L.  COOL 

HELENA,  MT.  59620 

TX-0096  BETTY  LYNN  MENDL 

P.O.  BOX  53343 
LUBBOCK,  TX.  79453 

OR-0097  GEORGE  OSTERTAG 

4303  25TH  AVE.  NE,  #13 
SALEM,  OR.  97303 

OR-0098  DEESE  MCKEE 

MOUNTAIN  RD,  #25 
PLUSH,  OR.  97637 

UT-0099  VINCE  UNDERWOOD 

KANAB,  UT.  84741 

UT-0100  JOHN  S.  WILLIAMS 

906  NORTH  1400  WEST 
ST.  GEORGE,  UT.  84770 

UT-0101  THOMAS  V.  HATCH 

P.O.  BOX  77 
PANGUITCH,  UT.  84759 

UT-0102  F.A.  BARNES 

P.O.  BOX  963 
MOAB,  UT.  84532 

MT-0103  CEDRON  JONES 

P.O.  BOX  635 
HELENA,  MT.  59624 

UT-0104  DON  A.  OSTLER,  P.E. 

P.O.  BOX  16690 
SALT  LAKE  CITY,  UT.  84116-0690 

NM-0105  GREGORY  D.  RAWLINGS 

P.O.  BOX  1149 
SANTA  FE,  NM.  87504-1149 

NM-0106  JIM  PIATT 

1190  ST  FRANCIS  DR. 
SANTA  FE,  NM.  87503 

AZ-0107  RONALD  L  MILLER 

2005  NORTH  CENTRAL  AVE 
PHOENIX,  AZ.  85004 


Letter 
number 

AZ-0108 


DE-0109 


DE-0110 


WY-01 1 1 


MT-0112 


OK-0113 


UT-0114 


CO-0115 


NV-0116 


WY-01 17 


AZ-0118 


NM-0119 


ID-0120 


OR-0121 


CA-0122 


Individual,  organization, 
or  agency 

IVAN  J.  SHIELDS 
1688  WEST  ADAMS 
PHOENIX,  AZ.  85007 

M.  ANN  HENSON 
P.O.  BOX  80038 
WILMINGTON,  DE.  19880-0038 

MARTIN  J.  REID 
P.O.  BOX  80038 
WILMINGTON,  DE.  19880-0038 

JAMES  M.  WELCH 
P.O.  BOX  1315 
WORLAND,  WY.  82401 

DAVID  SCHWAB 

225  NORTH  ROBERTS 

HELENA,  MT.  59960-9990 

ROBERT  L.  BROOKS 
1808  NEWTON  DR 
NORMAN,  OK.  73019-0540 

PETER  HOVINGH 

721  SECOND  AVENUE 

SALT  LAKE  CITY,  UT.  84103 

PAUL  HENDRICKS 
4001  S.  ELATI 
ENGLEWOOD,  CO.  80110 

MARTIN  J.  REID 

1624  INDIAN  WELLS  DR 

BOULDER  CITY,  NV.  89005 

WALLY  D.  RAMSBOTTOM 
113  EAST20TH  ST, 
P.O.  BOX  206 
CHEYENNE,  WY.  82003 

THOMAS  W.  SPALDING 
2222  W.  GREENWAY  ROAD 
PHOENIX,  AZ.  85023 

KIRK  C.  MCDANIEL 

BOX  30003 

LAS  CRUCES,  NM.  80003-0003 

JAY  E.  ANDERSON 
CAMPUS  BOS  8007 
POCATELLO,  ID.  83209-0009 

GARY  OLSON 

1270  CHEMEKETA  ST  N.E. 

SALEM,  OR.  97301 

JENNIFER  RYDER  FOX 
930  G  STREET,  SUITE  210 
SACRAMENTO,  CA.  95814 
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Letter  Individual,  organization, 

number  or  agency 

DC-0123  RICHARD  E.  SANDERSON 

U.S.  ENVIRONMENTAL  PROTEC- 
TION AG 
WASHINGTON,  D.C.  20460 

DE-0124  FREDRICK  O.  O'NEAL 

P.O.  BOX  80038 
WILMINGTON,  DE.  19880-0038 

OR-0125  THOMAS  C.  DONACA 

P.O.  BOX  12519 
SALEM,  OR.  97309-0519 

ID-0126  JERRY  M.  CONLEY 

600  WOUTH  WALNUT/BOX  25 
BOISE,  ID.  83707 

ID-0127  JOHN  D.  CANTLON 

1330  FILER  AVE 
EAST  TWIN  FALLS,  ID.  83301 

NV-0128  JOHN  L  MCLAIN 

340  N  MINNESOTA  ST 
CARSON  CITY,  NV.  89703 

NV-0129  JOHN  B.  WALKER 

CAPITOL  COMPLEX 
CARSON  CITY,  NV.  89710 

UT-0130  JERRY  SCHMIDT 

2603  ELIZABETH  ST 

SALT  LAKE  CITY,  UT.  84106 

MT-0131  FRED  H.  MASS 

6181  HWY  200  (EDDY) 
THOMPSON  FALLS,  MT.  59873 

NM-0132  JOSEPH  GENDRON 

RTE  15,  BOX  1625 
SAN  LORENZO,  NM.  88057 

UT-0133  NORRIS  BROWN 

95  SOUTH  300  EAST 
KANAB,  UT.  84741 

UT-0134  SALLY  HAYES 

575  S.  1000  E. 
SALT  LAKE  CITY,  UT.  84103 

UT-0135  DAVID  M  CARROLL 

377  "B"  ST. 
SALT  LAKE  CITY,  UT.  84103 

UT-0136  FERRIS  WILLIAMS 

GRANTSVILLE,  UT.  84029 

UT-0137  JAMES  HOLMGREN 

785  NORTH  350  EAST 
TREMONTON,  UT.  84337 

UT-0138  ANDREW  G.  TAFT 

P.O.  BOX  12 
BICKNELL,  UT.  84715 


Letter  Individual,  organization, 

number  or  agency 

UT-0139  JAMES  WHEELER 

P.O.  BOX  247 
DUGWAY,  UT.  84022 

UT-0140  RON  REEVE 

725  S.  400  W.  124-7 
HURRICANE,  UT.  84737 

UT-0141  JACK  KIMBER 

GROUSE  CREEK,  UT.  84313 

UT-0142  STEVE  MORRILL 

P.O.  BOX  122 
HANKSVILLE,  UT.  84734 

UT-0143  LAVAR  FOREMASTER 

571  E.  300  S. 
ST  GEORGE,  UT.  84770 

UT-0144  CLISBEE  N.  LYMAN 

435  S.  200  W.  #  63 
BLANDING,  UT.  84511 

UT-0145  LEE  R.  PATTERSON 

108  W.  400  N  21  2 
BLANDING,  UT.  84511 

UT-0146  JERRY  ROBINSON 

P.O.  BOX  668 
PAROWAN,  UT.  84761 

UT-0147  PAUL  PACE 

BOX  128 
LOA,  UT.  84747 

UT-0148  CLEVE  WASHBURN 

117  NORTH  450  WEST 
MONTICELLO,  UT.  84535 

UT-0149  ELEEN  ROBINSON 

46  N  200  E.  BOX  534 
PAROWAN,  UT.  84761 

UT-0150  VANCE  W.  AAGARD 

BOX  296 
FOUNTAIN  GREEN,  UT.  84632 

CO-0151  MARK  R.  HUMPHREY 

1031  SO.  MEMPHIS  ST 
AURORA,  CO.  80017 

CO-0152  SHIRLEY  LINDSAY 

800  GARLAND  ST 
LAKEWOOD,  CO.  80226 

UT-0153  ARLYN  FINLINSON 

85  NO.  200  EAST 
DELTA,  UT.  84624 

UT-0154  WILLIAM  D.  KENNEDY 

P.O  BOX  424 
RANDOLPH,  UT.  84064 
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Letter  Individual,  organization, 

number  or  agency 

UT-0155  NAD  RASMUSSED 

P.O.  BOX  175 
LOA,  UT.  84747 

UT-0156  WILLIAM  ALLEN 

BOX  423 
CLEVELAND,  UT.  84518 

UT-0157  CAROL  SOWARDS  HALVERSON 

6316  MAPLEWOOD  CIR 
SALT  LAKE  CITY,  UT.  84121 

UT-0158  ORVIL  E.  BECKSTRAND 

P.O.  BOX  86 
MEADOW,  UT.  84644 

UT-0159  MAX  H  RALPHS 

BOX  340 
FERRON,  UT.  84523 

UT-0160  KEITH  IVINS 

APPLE  LAND  9-11 
BLANDING,  UT.  84511 

NM-0161  JUDITH  S.  BISHOP 

3005  CALLE  QUI  ETA 
SANTA  FE,  NM.  87505 

UT-0162  CLAYTON  ATKIN 

62  SOUTH  500  EASE 
ST.  GEORGE,  UT.  84770 

OR-0163  J-M  MICHELSEN 

1057  JACKSON 
EUGENE,  OR.  97402 

UT-0164  NORMAN  BRADSHAW 

BEAVER,  UT.  84713 

UT-0165  JIM  HIGHSMITH 

1161  E.  900  SOUTH 

SALT  LAKE  CITY,  UT.  84105 

UT-0166  VAL  SIDDOWAY 

1031  N.  FALULA  RD. 
LAKETOWN,  UT.  84038 

UT-0167  J.  HOWARD  JOHNSON 

4260  W.  2140 
DELTA,  UT.  84624 

UT-0168  RILEY  TAYLOR 

BOX  266 
BICKNESS,  UT.  84715 

UT-0169  FRED  S.  ORTON 

330  N.  300  W 
PAROWAN,  UT.  84761 

UT-0170  OLAF  GEORGE 

P.O.  BOX  39 
KANOSH,  UT.  84637 


Letter 
number 

UT-0171 


UT-0172 


UT-0173 


UT-0174 


NM-0175 


UT-0176 


UT-0177 


UT-0178 


UT-0179 


UT-0180 


UT-0181 


AZ-0182 


UT-0183 


PA-0184 


WY-0185 


OR-0186 


c  li     > 

LEMOYNE  ESPLIN 

543  E.  600  SOUTH 

ST.  GEORGE,  UT.  84770 

DAVID  B.  DAVIES 

544  N.  260  W.  CIRCLE 
ST.  GEORGE,  UT.  84770 

DARRELL  JOHNSON 

BOX  28 

RUSH  VALLEY,  UT.  84069 

WELLS  E.  ELLERTSON 

BOX  66 

MONA,  UT.  84645 

JIM  FISH 
P.O.  BOX  712 
PLACITAS,  NM.  87043 

OWEN  SEVERANCE 
P.O.  BOX  1015 
MONTICELLO,  UT.  84535 

JOHN  NIELSON 
P.O.  BOX  620 
HUNTINGTON,  UT.  84528 

STEVE  FITZGERALD 
250  WEST  2200  SOUTH 
KAMAS  RFD,  UT.  84036 

DON  FITZGERALD 
230  WEST  2200  SOUTH 
KAMAS  RFD,  UT.  84036 

TERRANCE  L.  ESPLIN 

544  S.  100  EAST 

ST.  GEORGE,  UT.  84770 

LOUISE  LISTON 
P.O.  BOX  77 
PANGUITCH,  UT.  84759 

STEPHEN  M.  WILLIAMS 
1616  WEST  ADAMS 
PHOENIX,  AZ.  85007 

ROGER  E.  BANNER 
COLLEGE  OF  NATURAL 
RESOURCES 
LOGAN,  UT.  84322-5230 

THOMAS  A.J.  MAYER 
BLAIR  MILL  ROAD 
WILLOW  GROVE,  PA.  19090 

TOM  WHITSON 
P.O.  BOX  3354 
LARAMIE,  WY.  82071 

ADRIANE  BORGIAS 
P.O.  BOX  4389 
SPOKANE,  WA.  99202 
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Letter 
number 

Individual,  organization, 
or  agency 

Letter 
number 

ID-0187 

GLENN  E.  SHEWMAKER 
3615  N  3600  E 
KIMBERLY,  ID.  83341 

CA-0202 

OR-0188  DOLORES  STREETER 

155  COTTAGE  ST  NE 
SALEM,  OR.  97310 

AZ-0189  DONALD  E.  CLINE 

3800  NORTH  CENTRAL  AVE, 
STE.  1500 
PHOENIX,  AZ.  85012 

MT-0190  JAMES  S.  FREEMAN 

P.O.  BOX  1911 
BOZEMAN,  MT.  59771 

CO-0191  BRIAN  J.  LIND 

P.O.  BOX  1190 
FORT  COLLINS,  CO.  80522 

DE-0192  RICHARD  H.  KOESTER 

WALKER'S    MILL,    BARLEY    MILL 

PLAZA 

WILMINGTON,  DE.  19898 

UT-0193  DOUG  BATEMAN 

7235  S.  300  WEST 
MIDVALE,  UT.  84047 

UT-0194  P.  LAMAR  FRIES 

324  25TH  ST 
OGDEN,  UT.  84401 

CA-0195  JOE  KARWAL 

925  L  ST.,  SUITE  1400 
SACRAMENTO,  CA.  95814 

CO-0196  MARGARET  DUBAS 

1313  SHERMAN  ST,  RM  521 
DENVER,  CO.  80203 

NV-0197  WILLIAM  A.  MOLINI 

P.O.  BOX  10678 
RENO,  NV.  89520-0022 

NV-0198  JOHN  B.  WALKER 

CAPITOL  COMPLEX 
CARSON  CITY,  NV.  89710 

MN-0199  J.A.  INSHAW 

SOO  LINE  BLDG,  BOX  530 
MINNEAPOLIS,  MN.  55440 

IL-0200  J.A.  DOBRINSKA 

ONE  NORTHWESTERN  CENTER 
CHICAGO,  IL.  60606 

CA-0201  D.C.  JONES 

P.O.  BOX  800 
ROSEMEAD,  CA.  91770 


AZ-0203 


CO-0204 


MT-0205 


ID-0206 


ID-0207 


MT-0208 


Individual,  organization, 
or  agency 

R.R.  MAHON 

SO.  PAC.  BLDG, 

ONE  MARKET  PLAZA 

SAN  FRANCISCO,  CA.  94105 

DENNIS  W.  SUNDIE 
15  SOUTH  15TH  AVE 
PHOENIX,  AZ.  85007 

DANIEL  L  MERKEL 

999  18TH  ST  -  SUITE  500 

DENVER,  CO.  80202-2405 

JAMES  PHELPS 

2110  BRADBROOK  COURT 

BILLINGS,  MT.  59102 

MATT  C.  EAMES 
P.O.  BOX  389 
BOISE,  ID.  83701 

GEORGE  BENNETT 
2121  AIRPORT  WAY 
BOISE,  ID.  83715 

PHIL  JOHNSON 
CAPITOL  STATION 
HELENA,  MT.  596200205 


UT-0209 

LILLY  NOORLANDER 
257  EAST  1ST  NORTH 
MOAB,  UT.  84532 

DC-0210 

JAMES  W.  STEWART 
P.O.  BOX  37127 
WASHINGTON,  D.C.  20013-7127 

UT-021 1 

BRENT  COWLEY 
RICHFIELD,  UT.  84701 

UT-0212 

GLADE  MOWER 
MANTI,  UT.  84642 

UT-021 3 

WES  PETERSON 
DELTA,  UT.  84624 

UT-021 4 

JACK  MONROE 
FILLMORE,  UT.  84631 

UT-021 5 

GORDON  YOUNG 
NEPHI,  UT.  84648 

AZ-0216 

FRED  AMATOR 
SUITE  E-103, 
2406  S.  24TH  ST 
PHOENIX,  AZ.  85034 

MN-0217 

DAVID  C.  SEEP 
176  E.  FIFTH  ST 
ST.  PAUL,  MN.  55101 

UT-021 8 

TED  LEE 

150  SOUTH  600  EAST, 

STE  10-B 

SALT  LAKE  CITY,  UT.  84102-1961 
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Letter 

Individual,  organization, 

Letter 

Individual,  organization, 

number 

or  agency 

number 

or  agency 

AZ-0219 

C.  PAUL  MCCORMICK 

CO-0236 

JULIUS  DAHNE 

FREDONIA,  AZ.  86022 

CAMPUS  BOX  207 

WA-0220 

HIRAM  E.  OLNEY 

BOULDER,  CO.  803090207 

P.O.  BOX  632 

CO-0237 

ANGELA  MEDBERY 

TOPPENISH,  WA.  98948 

2205  MEADE  STREET 

UT-0221 

JAMES  DEAN  MAXWELL 

DENVER,  CO.  80211 

1075%  NORTH  MAIN 

OR-0238 

NORMA  GRIER 

LOGAN,  UT.  84321 

PO  BOX  1393 

ID-0222 

SUZANNE  BUDGE 

EUGENE,  OR.  97440 

P.O.  BOX  2831 

UT-0239 

CHERYL  GRANTHAM 

BOISE,  ID.  83701 

SALT  LAKE  CITY,  UT.  841 

UT-0223 

BEN  A.  THURGOOD 

UT-0240 

HOWARD  NIELSON 

60  WEST  GENTILE 
LAYTON,  UT.  84041 

ID-0224  JIM  YOST 

P.O.  BOX  167 
BOISE,  ID.  83701 

UT-0225  TERRY  TEMPEST  WILLIAMS 

3499  LITTLE  TREE  ROAD 
SALT  LAKE  CITY,  UT.  84108 

NM-0226  ROGER  S.PETERSON 

ST.  JOHN'S  COLLEGE  CAMPUS 
SANTA  FE,  NM.  87501 

CO-0227  ROGER  FLYNN 

CAMPUS  BOX  401 
BOULDER,  CO.  80309 

CA-0228  PHIL  TOWLE 

879  9TH  ST 
ARCATA,  CA:  95521 

ID-0229  AL  E.  MURREY 

450  W  STATE  ST 
BOISE,  ID.  83720 

ID-0230  JANET  OCROWLEY 

P.O.  BOX  2863 
BOISE,  ID.  83701 

CO-0231  KATE  MARINI 

LITTLETON,  CO.  80120 

NM-0232  GEORGE  GROSSMAN 

440  CERILLOS  ROAD 
SANTA  FE,  NM  85751 

OR-0233  JAN  WRONCY 

PO  BOX  1101 
EUGENE,  OR.  97440 

MT-0234  JENNIFER  MYIA  JOHNSON 

PO  BOX  6730 
BOZEMAN,  MT.  59771 

CO-0235  JULIUS  DAHNE 

CAMPUS  BOX  207 
BOULDER,  CO.  80309 


HOUSE  OF  REPRESENTATIVES 
WASHINGTON,  D.C.  20515 

UT-0241  PAUL  LENIS 

373  E  ST. 
SALT  LAKE  CITY,  UT.  84103 

UT-0242  DANIEL  JORGENSEN 

372  E.  STREET 
SALT  LAKE  CITY,  UT.  84103 

UT-0243  NANCY  JACOBSEN 

2435  E.  2100  S. 
SALT  LAKE  CITY,  UT.  84109 

UT-0244  BRENDA  STANSKE 

UNKNOWN 
UNKNOWN,  UT. 

UT-0245  KATHY  HINDER 

2086  EAST  PINECREST  LANE 
SANDY,  UT.  84092 

UT-0246  MARTIN  MCGREGOR 

6261  BEN  AiR  DRIVE 
SALT  LAKE  CITY,  UT.  84084 

UT-0247  CHRISTOPHER  BILTOFT 

529  10TH  AVENUE 
SALT  LAKE  CITY,  UT.  84103 

UT-0248  SHARON  EBLEN 

760  KILBOURNE  COURT 
SALT  LAKE  CITY,  UT.  84102 

UT-0249  LAURENCE  JEWETT 

821  S.  500  E  #3 
SALT  LAKE  CITY,  UT.  84102 

UT-0250  RICHARD  ROBERTSON 

431  EAST  MINOR  COURT 
MOAB,  UT.  84532 

UT-0251  THOMAS  MARTINS 

320  5TH  AVE.  #24 
SALT  LAKE  CITY,  UT.  84103 
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Letter 
number 

Individual,  organization, 
or  agency 

Letter 
number 

UT-0252 

JANE  LESSON 

436  EAST  ALLEMEDA  AVENUE 

SALT  LAKE  CITY,  UT.  84111 

UT-0269 

UT-0253 

CHRISTINE  OSBORNE 
1536  EAST  3080  SOUTH 
SALT  LAKE  CITY,  UT.  84106 

UT-0270 

UT-0254 

DEE  HANSEN 

1636  WEST  NORTH  TEMPLE 

SALT  LAKE  CITY,  UT.  84116 

UT-0271 

UT-0255 

DR.  JAMES  BOWNS 
CEDAR  CITY,  UT.  84720 

UT-0272 

UT-0256 

MICHAEL  HEYREND 

436  ALAMEDA  AVENUE 
SALT  LAKE  CITY,  UT.  84111 

UT-0257  VAUGHN  LOVEJOY 

2592  MC  CLELLAND  STREET 
SALT  LAKE  CITY,  UT.  84106 

UT-0258  CHRISTOPHER  CALL 

LOGAN,  UT.  84322-5230 

UT-0259  THOMAS  BINGHAM 

5300  SOUTH  360  WEST 

SUITE  200 

SALT  LAKE  CITY,  UT.  84123 

UT-0260  JOEL  FRANDSEN 

599  WEST  PRICE  RIVER  DR. 
PRICE,  UT.     84501 

UT-0261  JANET  WILLIAMS 

415  NORTH  MAIN 
SALT  LAKE  CITY,  UT.  84103 

UT-0262  CHUCK  WOOLSTEIN 

SALT  LAKE  CITY,  UT. 

UT-0263  STEVE  MONSEN 

NONE 
NONE,  UT. 

UT-0264  GARY  MCFARLANE 

455  EAST  400  SOUTH  #306 
SALT  LAKE  CITY,  UT.  84111 

UT-0265  GENEVIEVE  ATTWOOD 

PO  BOX  58687 
SALT  LAKE  CITY,  UT.  84158-0687 

UT-0266  CRAIG  CRANDALL 

1034  SOUTH  MAIN  STREET 
SPRINGVILLE,  UT.  84663 

UT-0267  JIM  AND  EILEEN  BROWN 

NONE  GIVEN 
SALT  LAKE  CITY,  UT. 

UT-0268  PAUL  MC  COY 

3200  WEST  105  SOUTH 
VERNAL,  UT.  84078 


UT-0273 
UT-0274 

UT-0275 
UT-0276 
UT-0277 
UT-0278 
UT-0279 
UT-0280 
UT-0281 
UT-0282 
UT-0283 
UT-0284 

UT-0285 
UT-0286 
UT-0287 
UT-0288 


Individual,  organization, 
or  agency 

ROGER  BANNER 

NONE  GIVEN  AT  HEARING 

SALT  LAKE  CITY,  UT. 

JAMES  DEAN  MAXWELL 
10751/2  NORTH  MAIN 
LOGAN,  UT.  84321 

ALLEN  RASMUSSEN 
RANGE  SCIENCE, 
UTAH  STATE  UNIV. 
LOGAN,  UT.  84322-5230 

ROBERT  RASELY 

PO  BOX  11350 

SALT  LAKE  CITY,  UT.  84147 

GARY  SCHMIDT 
SALT  LAKE  CITY,  UT. 

JAMES  CATLIN 

1120  S.  WINDSOR 

SALT  LAKE  CITY,  UT.  84105 

JULIE  BECKETT 
SALT  LAKE  CITY,  UT. 

COLIN  ROBINSON 
SALT  LAKE  CITY,  UT. 

EOWYN  WHITESIDES 
SALT  LAKE  CITY,  UT. 

CAROLYN  BODKIN 
SALT  LAKE  CITY,  UT. 

ANYA  BURNHOLD 
SALT  LAKE  CITY,  UT. 

JORDAN  JENSEN 
SALT  LAKE  CITY,  UT. 

JUSTINE  ANDERSON 
SALT  LAKE  CITY,  UT. 

PETER  KOLDERSCHLAG 
SALT  LAKE  CITY,  UT. 

FRANK  BOHMAN 
MORGAN,  UT. 

LEE  MONROE 
MILLARD  COUNTY 
SCIPIO,  UT. 

NICHOLAS  GARDINER 
SALT  LAKE  CITY,  UT. 

RUDY  LUKEZ 

SALT  LAKE  CITY,  UT. 

KEN  SLEIGHT 
UNKNOWN 

MATHEW  HAUN 
SALT  LAKE  CITY,  UT. 
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number  or  agency 

UT-0289  RANDY  LONG 

SALT  LAKE  CITY,  UT. 

UT-0290  RICHARD  MUIR 

SALT  LAKE  CITY,  UT. 

UT-0291  MARK  PETERSON 

SALT  LAKE  CITY,  UT. 

UT-0292  SUSAN  WAY 

SALT  LAKE  CITY,  UT. 

UT-0293  JOAN  THALMANN 

SALT  LAKE  CITY,  UT. 

UT-2501  LLOYD  JOHNSON 

BOX  202 
AURARA,  UT.  84620 

UT-2502  MICHAEL  JEFFERY 

973  SOUTH  HWY  72 
FREMONT,  UT.  84747 


Letter  Individual,  organization, 

number  or  agency 

UT-2514  LANE  ELLOTT 

P.O.  BOX  296 
BICKNELL,  UT.  84715 

UT-2515  HOWARD  LAMBORN 

LAKETOWN,  UT.  84038 

UT-2516  IVAN  TYMAN 

BOULDER  (AREA),  UT.  84716 

UT-2517  KEN  MC  RIGHT 

91  N  300  E 
CEDAR  CITY,  UT.  84720 

UT-2518  LILA  BARTHOLOMEW 

PO  BOX  300506 
FAYETTE,  UT.  84630 

UT-2519  PHILLIP  PACE 

185  NORTH  200  WEST 
TORREY,  UT.  84775 


UT-2503 

ELSON  RIGGS 

259  SOUTH  100  WEST 

KANAB,  UT.  84741 

U  1  -£3£\) 

umi-ii\  jcrrcnr 

125  SOUTH  300  WEST 

FREMONT,  UT.  84747 

UT-2504 

LARU  HAMMOND 
GUNNISON,  UT.  84630 

UT-2521 

GARY  (name  not  readable) 
FREMONT,  UT.  84747 

UT-2505 

PAUL  TAYLOR 

114  SOUTH  200  WEST 

FREMONT,  UT.  84747 

UT-2522 

ROGER  OYLER 
260  N  CENTER 
TORREY,  UT.  84775 

UT-2506 

MEL  TAYLOR 
BOX  90 

UT-2523 

DONNA  COOK 
TORREY,  UT.  84775 

FREMONT,  UT.  84747 

UT-2524 

LUANA  OYLER 

UT-2507 

DOROTHY  TYMAN 
BOX  314 

260  N  CENTER 
TORREY,  UT.  84775 

BOULDER,  UT.  84716 

CO-2525 

SCOTT  FELKER 

UT-2508 

R  YOUNG 
P.O.  BOX  908 

645  S.  44TH  ST 
BOULDER,  CO.  80303 

DUCHESNE,  UT.  84021 

CO-2526 

MARK  TAYLOR 

UT-2509 

GEORGE  BLACKBURN 
369  W  100S 

8801  LEFTHAND  CANYON 
JAMESTOWN,  CO.  80455 

FREMONT,  UT.  84747 

UT-2527 

LEEON  BRINKERHOFF 

UT-2510 

GARTH  SHUROTH 
UNKNOWN,  UT 

WAYNE  COUNTY  COURTHOUSE 
LOA,  UT.  84747 

UT-251 1 

VAN  WILEY 
P.O.  BOX  36 
ANTIMONY,  UT.  84712 

MO-2528 

VARD  HEATON 
RT  1  BOX  30 
JAMESON,  MO.  64647 

UT-2512 

NORMAN  VAN  DYKE 
P.O.  BOX  88 
LOA,  UT.  84747 

OR-2529 

MARY  NEARING 

BOX  341 

WOLF  CK.,  OR.  97497 

UT-2513  DIMPLE  FLUGRAD 

FREMONT,  UT.  84747 


OR-2530  JENNIE  OTLEY 

HC  BOX  55 
PRINCETON,  OR.  97721 
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number 

or  agency 

UT-2531 

WINIFRED  MINOR 

UT-2547 

LAVELL  KING 

450  E  MINOR  CT. 

P.O.  BOX  103 

MOAB,  UT.  84532 

BICKNELL,  UT.  84715 

CO-2532 

JEANNETTE  GEILANES 

UT-2548 

ROSS  TAYLOR 

603  S.  WILLIAMS 

BOX  142 

DENVER,  CO.  80209 

BICKNELL,  UT.  84715 

WY-2533 

DAVID  NEARY 

UT-2549 

LYNN  PATTERSON 

P.O.  BOX  450, 

BLUE  MTN.  RD.  9-1 

258  MAIN  STREET 

BLANDING,  UT.  84511 

LANDER,  WY.  82520 

UT-2550 

LINDA  PATTERSON 

UT-2534 

RICHARD  PACE 

BLUE  MTN.  RD.  9-1 

TEASDALE,  UT.  84773 

BLANDING,  UT.  84511 

UT-2535 

DOUGLAS  PACE 

UT-2551 

JAMES  POTTER 

FREMONT,  UT.  84747 

LOA,  UT.  84747 

UT-2536 

RICHARD  MUIR 

UT-2552 

ARTHUR  LYMAN 

2660  EAST  3300  SOUTH 

BOX  344 

SALT  LAKE  CITY,  UT.  84109 

BOULDER,  UT.  84716 

OR-2537 

THOMAS  MILLER 

UT-2553 

WARD  COOMBS 

2373  NW  JOHNSON 

BOULDER,  UT.  84716 

PORTLAND,  OR.  97210 

UT-2554 

ANTHONY  COOMBS 

UT-2538 

BETSY  TIPPS 

COOMBS  RANCH 

P.O.  BOX  665 

BOULDER,  UT.  84716 

SALT  LAKE  CITY,  UT.  84110 

UT-2555 

MARK  CANNON 

OR-2539 

NICK  FACAROS 
2592  FRIENDLY 

CIRCLEVILLE,  UT.  84723 

EUGENE,  OR.  97405 

UT-2556 

COREY  ANDERSON 
BOX  21 

UT-2540 

BARRY  SOCHAT 
BOX  1011 

FAIRVIEW,  UT.  84629 

ROCKVILLE,  UT.  84763 

UT-2557 

CLARK  SMITH 
BOX  787 

CO-2541 

ANTHONY  MARK 

BEAVER,  UT.  84713 

1061  12  STREET 
BOULDER,  CO.  80302 

CO-2542  LEWIS  STRINGER 

LIBBY  HALL  #311 
BOULDER,  CO.  80301 

CO-2543  JEFF  MCWHIRTER 

1300  30TH  APT  E1-24 
BOULDER,  CO  80303 

UT-2544  DUANE  BLAKE 

1239  EAST  LIZZIE  LANE 
ST.  GEORGE,  UT.  84770 

UT-2545  L.  DEAN  ANDERSON 

BOX  175 
GLENDALE,  UT.  84729 

UT-2546  NATALIE  COOMBS 

300  WEST  306  SOUTH 
CEDAR  CITY,  UT.  84720 


UT-2558  GUY  TRACY 

P.O.  BOX  763 
MONTICELLO,  UT.  84535 

UT-2559  STAN  ESPLIN 

496  E.  6  SO.  80 
ST.  GEORGE,  UT.  84770 

UT-2560  DARLO  ESPLIN 

33  NORTH  500  EAST 
ST.  GEORGE,  UT.  84770 

UT-2561  DONALD  ESPLIN 

262  SOUTH  600  EAST 
ST.  GEORGE,  UT.  84770 

UT-2562  DARRELL  BLAKE 

625  SO.  INDIAN  HILLS 
ST.  GEORGE,  UT.  84770 

UT-2563  LAURENCE  EKKER 

P.O.  BOX  101 
HANKSVILLE,  UT.  84734 
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Letter  individual,  organization, 

number  or  agency 

UT-2564  CLARENCE  BECKSTROM 

3710  W  6800  S 
SPANISH  FORK,  UT.  84660 

UT-2565  WOODROW  PILLING 

P.O.  BOX  66 
EAST  CARBON  CITY,  UT.  84520 

UT-2566  THOMAS  WILLIAMS 

250  SOUTH  100  WEST 
CEDAR  CITY,  UT.  84720 

UT-2567  VICTOR  KAUFMAN 

P.O.  BOX  765 
MILFORD,  UT.  84751 

UT-2568  RICHARD  PACE 

FREMONT,  UT.  84747 

UT-2569  STEPHAN  TRIMBLE 

P.O.  BOX  1078 
SALT  LAKE  CITY,  UT.  84110-1078 

WY-2570  BONNIE  SMITH 

1639  MAYOWIRTH  RD. 
KAYCEE,  WY.  82639 

CO-2571  YASSY  NAFICY 

222  HALLETT  HALL 
BOULDER,  CO.  80310 

NM-2572  JAMES  JONES 

313  FISHER  ST. 
SOCORRO,  NM.  81801 

UT-2573  JACK  CAMPBELL 

CUSR  BOX  1903 
MOAB,  UT.  84532 

AZ-2574  LINDA  WELLS 

P.O.  BOX  47116 
PHOENIX,  AZ.  85068 

UT-2575  DENISE  DOEBBELING 

1406  BLAINE  AVE. 
SALT  LAKE  CITY,  UT.  84105 

UT-2576  KAAREN  ZVONIK 

8195  S  MIRANDA  LN. 
SANDY,  UT.  84092 

NM-5001  HAROLD  REYNOLDS 

1817  COLLEGE  AVE. 
ALAMOGORDO,  NM.  88310 

AZ-5002  HAROLD  LACKNER 

R.R.1  BOX  973 
WILLCOX,  AZ.  85643 

NM-5003  JIM  PIATT 

1190  ST.  FRANCIS  DR 
SANTA  FE,  NM.  87503 


Letter  Individual,  organization, 

number  or  agency 

UT-5004  NORMAN  HEATON 

284  SOUTH  800  WEST 
CEDAR  CITY,  UT.  84720 

UT-5005  CLEL  LEE 

VERNON,  UT.  84080 

TX-5006  SCOTT  BAUCUM 

9809A  MEMPHIS  AVE 
LUBBOCK,  TX.  79423 

UT-5007  LAMAR  V.  CRANDALL 

1643  SOUTH  MAIN  ST. 
SPRINGVILLE,  UT.  84663 

ID-5008  JOHN  D.  CANTLON 

348  EAST  FAIRBROOK 
BOISE,  ID.  83706 

CO-5009  M.  ANN  HENSON 

926  YUCCA  COURT 
LONGMONT,  CO.  80501 

UT-5010  BUD  BRANHAM 

BOX  27,  RANCHO  VUE  DESERT 
HURRICANE,  UT.  84737 

UT-5011  S.  CLAIR  BANKHEAD 

2400  N.  FAIRFIELD 
LAYTON.  UT.  84041 


UT-5012 

GARY  SPROUSE 

160  SOUTH  FLINT  ST. 

LAYTON,  UT.  84041 

WY-5013 

KELLY  HOFFMAN 

BOX  203 

COKEVILLE,  WY.  83114 

UT-5014 

ALTON  SUDWEEKS 
KINGSTON,  UT.  84743 

MT-5015 

GREG  WEHR 
BOX  132 
DRUMMOND,  MT  59832 

UT-5016 

HARDY  REDD 

BOX  247 

LA  SAL,  UT.  84530 

UT-5017 

KENNETH  A.  MIDDLETON 

P.O.  BOX  1744 

CEDAR  CITY,  UT.  84720 

UT-5018  GERALD  W.  CANNON 

215  E.  MAIN 
CIRCLEVILLE,  UT.  84723 

UT-5019  PHILLIP  FOREMASTER 

492  E.  100  SOUTH 
ST.  GEORGE,  UT.  84770 

UT-5020  LYLE  TAYLOR 

2271  N.  1500  WEST 
VERNAL,  UT.  84078 
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Letter 
number 

UT-5021 


UT-5022 


UT-5023 


UT-5024 


Individual,  organization, 
or  agency 

GRANT  L  HACKING 
1745  NO.  3500  WEST 
VERNAL,  UT.  84078 

GEORGIA  J.  RUSSELL 

RD#8 

OPHIR,  UT.  84071 

BLAINE  S.  RUSSELL 

P.O.  BOX  345 

RUSH  VALLEY,  UT.  84069 

F.  LAMONT  CHAPPELL 
P.O.  BOX  1413 
LYMAN,  UT.  84749 


UT-5025 

DUANE  GREEN 

BOX  181 

GOSHEN,  UT.  84633 

UT-5026 

S.  HAL  GUYMAN 

#188 

HUNTINGTON,  UT.  84528 

UT-5027 

RALPH  A.  LUND 
EPHRAIM,  UT.  84627 

UT-5028 

HAL  D.  JENSEN 
ANTIMONY,  UT.  84712 

UT-5029 

JOY  H EATON 
P.O.  BOX  23 
ALTON,  UT.  84710 

UT-5030 

TINA  ESPLIN 

1069  EAST  LOBLOLLY  CIRCLE 

ST.  GEORGE,  UT.  84770 

APPENDIX  K 

Letter 
number 

Individual,  organization, 
or  agency 

UT-5033 

KEITH  TAYLOR 

BOX  424 

MONTICELLO,  UT.  84535 

UT-5034 

WILLIAM  B.  BRINKERHOFF 
P.O.  BOX  67 
GLENDALE,  UT.  84729 

UT-5035 

CHARLES  C.  ESPLIN 
138  N.  500  WEST 
CEDAR  CITY,  UT.  84720 

UT-5036 

GARY  SPROUSE 

160  SOUTH  FLINT  ST 

LAYTON,  UT.  84041 

UT-5037 

MRS.  FRANZ  SHAKESPEAR 

BOX  5 

TROPIC,  UT.  84776 

UT-5038 

WILLIAM  WELLS 

BOX  364 

BOULDER,  UT.  84716 

UT-5039 

CLARK  W.  SMITH 

BOX  787 

BEAVER,  UT.  84713 

UT-5031  F.  LAVOY  WOOLSEY 

11150  WEST  HWY.  56 
CEDAR  CITY,  UT.  84720 

UT-5032  LUCILE  H.  PROCTOR 

BOX  9 
PANGUITCH,  UT.  84759 


UT-5040  GARY  MADSEN 

125  S.  1ST  WEST 
MANTI,  UT.  84642 

UT-5041  FARRELL  T.  WANHIER  JR. 

461  -  2ND  AVE 
SALT  LAKE  CITY,  UT.  84103 

UT-5042  CHARMAINE  M.  HOFFMAN 

NO  ADDRESS  ON  LETTER 
UNKNOWN,  UT 
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DISTRIBUTION  OF  DRAFT  EIS 


Federal,  State,  local  agencies,  elected  representa- 
tives, special  interest  groups,  and  individuals  in  sev- 
eral states  were  consulted  and  asked  to  participate 
in  identifying  issues  and  concerns  associated  with 
the  development  of  the  Draft  EIS. 

The  distribution  list  included  the  majority  of  the 
agencies  and  groups  who  had  requested  a  copy  of 
the  draft  EIS. 

The  list  also  included  names  of  organizations, 
agencies,  and  special  interest  groups  who  requested 
copies  but  were  not  from  one  of  the  13  States  in- 
cluded in  the  analyses. 

Copies  of  the  Draft  EIS  also  were  sent  to  congres- 
sional offices  and  State  and  university  libraries  for 
each  of  the  13  States  involved  in  the  Draft  EIS. 

Not  listed  are  the  1 ,200  individuals  who  requested 
and  received  a  copy  of  the  draft  EIS.  These  individ- 
uals were  on  the  mailing  list  because  they  registered 
at  one  of  the  scoping  meetings  conducted  on  the 
Draft  EIS,  submitted  written  or  oral  comments,  or 
returned  the  self-addressed  reply  cards  sent  to  them 
asking  their  interest  in  the  Draft  EIS.  There  were  300 
individuals  who  asked  to  remain  on  the  mailing  list 
but  did  not  want  a  copy  of  the  Draft  EIS. 

Other  agencies  not  listed  but  who  were  notified 
of  the  availability  of  the  draft  EIS  are  County  Com- 
missioners, County  offices,  County  Soil  Conserva- 
tion Districts,  and  County  Weed  and  Pest  Control 
Offices. 

Also  not  listed  are  the  names  of  all  the  members 
of  the  BLM's  Grazing  Advisory  Boards  and  Advisory 
Councils.  Individual  State  BLM  offices  that  admin- 
ister these  boards  notified  those  members  of  the 
availability  of  the  Draft  EIS  for  public  review  and  com- 
ment. 

The  Bureau  of  Land  Management  accomplishes 
state  agency  review  of  documents  by  establishing  a 
central  point  of  contact  (which  can  be  more  than  one 
entity)  within  the  Governor's  office.  For  purposes  of 
this  document,  the  Governor's  central  point  of  con- 
tact is  identified  as  "State  Clearinghouse." 


REPRESENTED  STATES 

m 

Arizona 

State  Clearinghouse 

Special  Interest/Environmental/lndustry 

ASARCO,  Inc.,  Southwest  Exploration  Division 

Arizona  Electric  Power  Coop,  Inc. 

Arizona  Chapter,  The  Wildlife  Society 

Arizona  Historical  Society 

Arizona  State  Board  of  Pesticides 

Arizona  State  University 

Arizona  State  University,  USDA  Forest  Service  Lab 

Agricultural  Research  Service 

Alamo  Ranch  Company 

Archeological  Research  Service 

Arizona  Farmer-Stockman 

Arizona  Wool  Producers 

Colorado  River  Indian  Tribes  Museum 

Commission  of  Agriculture  and  Horticulture 

Commission  on  the  Arizona  Environment 

Coronado  RC&D 

Defenders  of  Wildlife 

Dorado  Energy  Group 

Farrell  Copper  Mining  Company 

Four  Corners  Wild  Workshop 

Heard  Museum 

K.  G.  Ranch.  Inc. 

Kingman  Area  Chamber  of  Commerce 

Mohave  Livestock  Association 

National  Association  of  Real  Estate  Appraisers 

National  Parks  Conservation  Association 

Natural  Resource  Conservation  District 

Pay  Dirt 

Pueblo  Grande  Museum 

Rex  Clemens  Ranches,  Inc. 

Salt  River  Project 

Southern  Arizona  Environmental  Council 

Southwest  Research  Station 

The  Amerind  Foundation 

The  Nature  Conservancy 

Tonto  National  Forest 

University  of  Arizona,  School  of  Renewable  Natural  Resources 

Whittel  Trust 

Wilderness  Society 

Yuma  Audubon  Society 
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Federal  Government  Agencies 

Apache-Sitgreaves  National  Forest 

Coronado  National  Forest 

Glen  Canyon  National  Recreation  Area 

Kaibab  National  Forest 

Prescott  National  Forest 

USDI,  Bureau  of  Indian  Affairs 

USDI,  Bureau  of  Indian  Affairs,  Arizona  Area  Office 

USDI,  Bureau  of  Land  Management,  Arizona  State  Office 

USDI,  Bureau  of  Land  Management,  Phoenix  Training  Center 

USDI,  Bureau  of  Reclamation 

USDI,  Fish  and  Wildlife  Service 

USDI,  National  Park  Service 


County  Agencies 

Maricopa  County  Parks  and  Recreation  Department 
Mohave  County  Board  of  Supervisors 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  states  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


Colorado 


State  Clearinghouse 


Special  Interest/Environmental/Industry 

AMAX  Minerals  Resource  Company 

ASARCO,  Inc. 

American  Sheep  Industry 

Amoco  Production  Company 

Atlas  Minerals 

Carrick  Resources  Corporation 

Chevron  USA,  Inc. 

Colorado  Cattlemen's  Association 

Colorado  Environmental  Coalition 


Cyprus  Minerals  Company 

Elanco  Company 

Environmental  Management  Services 

Exxon  Company  USA 

Federal  Land  Payments 

Federal  Land  Report 

High  County  News 

Independent  Petroleum  Association 

Kenai  Oil  and  Gas 

Mulroy  and  Associates 

PIC  Technologies,  Inc. 

Petroleum  Information 

Petroleum  Information  Company 

Pittsburg  and  Midway  Coal  Mining  Company 

ROMCEL 

Rocky  Mountain  Heritage  Task  Force  -  The  Nature  Conservancy 

Rocky  Mountain  Minerals  Law  Foundation 

Sierra  Club 

Society  of  Mining  Engineers 

Sun  Exploration 

Texaco,  Inc.,  Alternate  Energy  Resources  Department 

Texasgulf  Minerals  and  Metals 

The  Nature  Conservancy 

Western  Governors  Association 

Western  States  Public  Lands  Coalition 

Wildrose  Resources  Corporation 

Woods  Canyon  Archeological  Const. 


Federal  Government  Agencies 

Dinosaur  National  Monument 

U.S.  Environmental  Protection  Agency,  Region  VIII 

USDI,  Bureau  of  Land  Management,  Denver  Service  Center 

USDI,  National  Park  Service,  Division  of  Mining  and  Minerals 

USDI,  Office  of  Surface  Mining,  Reclamation,  and  Enforcement 


County  Agencies 

Beaver  County  Commission 

Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 
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Idaho 


State  Clearinghouse 


Special  Interest/Environmental/lndustry 

Committee  for  Idaho  High  Desert 

Cyprus  Thompson  Creek  Mining  Company 

Environmental  Protection  Agency 

Gini  Canal  Company 

Golden  Eagle  Audubon  Society 

Idaho  Association  of  Commerce  &  Industry 

Idaho  Cattle  Association 

Idaho  Conservation  League 

Idaho  Environmental  Council 

Idaho  Falconers  Association 

Idaho  Farm  Bureau  Federation 

Idaho  Mining  Association 

Idaho  Natural  Areas  Coordinator 

Idaho  Natural  Resources  Legal  Foundation 

Idaho  Outfitters  &  Guides  Association 

Idaho  Outfitters  &  Guides  Board 

Idaho  Rangeland  Committee 

Idaho  State  University 

Idaho  Water  Users  Association 

Idaho  Wildlife  Federation 

Idaho  Wool  Growers  Association 

Izaak  Walton  League 

League  of  Women  Voters 

Magic  Valley  Trail  Machine  Association 

Oregon-California  Trails  Association 

Peregrine  Fund,  Inc. 

Public  Lands  Council 

Public  Lands  Foundation 

Salmon  River  Electric  Coop 

Shoshone-Bannock  Tribes,  Inc. 

Sierra  Club 

Society  for  Range  Management,  Idaho  Section 

The  Nature  Conservancy 

The  Wilderness  Society 

The  Wildlife  Society 

University  of  Idaho,  Cooperative  Extension  Service 

University  of  Idaho,  State  Geological  Survey 

Wood  River  Resource  Conservation  and  Development 


Federal  Government  Agencies 

Boise  National  Forest 

Caribou  National  Forest 

Challis  National  Forest 

Clearwater  National  Forest 

Craters  of  the  Moon  National  Monument 

Idaho  Panhandle  National  Forest 

Nez  Perce  National  Forest 

Payette  National  Forest 

Salmon  National  Forest 

Sawtooth  National  Forest 

Targhee  National  Forest 

USDA,  Forest  Service,  Region  1 

USDA,  Soil  Conservation  Service 

USDI,  Bureau  of  Reclamation 

USDI,  National  Park  Service 

USDI,  Fish  &  Wildlife  Service 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 

Montana 


State  Clearinghouse 


Special  Interest/Environmental/Industry 

Agri  News 

Anaconda  Sportsmens  Club 

Audubon  Society,  Yellowstone  Valley  Chapter 

Barthelmess  Ranch,  Inc. 

Beartooth  Oil  and  Gas  Company 

Boulder  River  Sportsmens  Club 

Butte  Silver  Bow  Plant 

C&B  State  Grazing  District 

Champion  Interim  Corporation 

Cherry  Creek  Ranch 

Conf.  Salish/Kootenai  Tribe 

Conoco,  Inc. 

Croft  Petroleum 

Department  of  Community  Affairs,  Aeronautics  Division 

Dow  Chemical  Company 

Environmental  Quality  Council 

Federation  of  Fly  Fishers 

Flathead  Audubon  Society 

Fort  Peck  Agency 

Golden  Sunlight  Mines,  Inc. 

Hardrock  Oil  Company 

Helena  Outdoor  Club 

Hellgate  Mineral  Society 

Intermountain  Fire  Sciences  Lab 

Laurel  Rod  and  Gun  Club 

Missouri  Breaks  Multiple  Use  Association 

Montana  Audubon  Council 

Montana  Chamber  of  Commerce 

Montana  Coal  Company 

Montana  Environmental  Information 

Montana  Farm  Union  News,  Montana  Farmers  Union 

Montana  Geological  Society 

Montana  Logging  Association 

Montana  Outfitters  and  Guides  Association 
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Special  Interest/Environmental/Industry 
(continued) 

Montana  Petroleum  Association 

Montana  Power  Company,  Geological  Office 

Montana  State  University 

Montana  Stockg  rowers  Association 

Montana  Weed  Control  Association 

Montana  Wool  Growers  Association 

Mountaineers 

Murphy  Oil  USA,  Inc. 

National  Farmers  Organization 

National  Wildlife  Federation,  Northern  Rockies  Resource  Center 

Outdoors  Unlimited 

Pintlar  Audubon  Society 

Public  Land  Access  Association,  Inc. 

Rosebud-Treasure  Wildlife  Association 

Sierra  Club,  Butterroot  Mission  Group 

Silverbow  Archers 

Skyline  Sportsmen 

The  Nature  Conservancy 

Trout  Unlimited 

Union  Oil  Company  of  California 


Congressional/Federal  Agencies 

Crow  Indian  Agency,  Land  Services  Officer 

Custer  National  Forest 

Department  of  Commerce,  Coal  Board 

Department  of  Health  and  Environmental  Sciences,  Air  Quality 
Division 

Environmental  Protection  Agency,  Montana  Office 

National  Wildlife  Refuge 

USDA,  Forest  Service 

USDA,  Forest  Service,  Lewis  and  Clark  National  Forest 

USDA,  Forest  Service,  Region  I 

USDA,  Cooperative  Extension  Service 

USDA,  Soil  Conservation  Service 

USDI,  Bureau  of  Indian  Affairs,  Rocky  Boy  Agency 

USDI,  Bureau  of  Indian  Affairs,  Flathead  Agency 

USDI,  Bureau  of  Land  Management 

USDI,  Bureau  of  Reclamation 

USDI,  Fish  and  Wildlife  Service,  Fish  and  Wildlife  Enhancement 

USDI,  Geological  Survey 

USDI,  National  Park  Service,  Bighorn  Canyon  National  Recre- 
ation Area 

USDOE,  Western  Area  Power  Administration 

USDOT,  Federal  Aviation  Administration 


County  Agencies 

Beaverhead  Conservation  District 

Beaverhead  County  ASCS 

Beaverhead  County  Weed  Control 

Big  Horn  County  Commission 

Big  Horn  County  Extension  Office 

Blaine  County  Conservation  District 

Blaine  County  Extension  Office 

Blaine  County  Weed  Control 

Broadwater  County  Extension  Office 

Carbon  County  Noxious  Weed  Control  District 

Carter  County  Weed  Control  Supervisor 

Carter  County  ASCS  Office 

Carter  County  Conservation  District 

Carter  County  Planning  Board 

Cascade  County  Conservation  District 

Cascade  County  Weed  Control 

Choteau  County  Extension  Office 

Chouteau  County  Weed  Control 


Chouteau  County  Conservation  District 
Custer  County  Conservation  District 
Custer  County  Extension  Office 
Dawson  County  Extension  Office 
Dawson  County  Weed  Control 
Deer  Lodge  County  Extension  Office 
Deer  Lodge  County  Planning  Office 
Deer  Lodge  County  Weed  Control 
Fallon  County  Weed  Control 
Fergus  County  Conservation  District 
Flathead  County  Extension  Office 
Flathead  County  Weed  Control 
Flathead  Countywide  Administrative  Board 
Gallatin  County  Extension  Office 
Garfield  County  Extension  Office 
Garfield  County  Weed  Control 
Glacier  County  Extension  Office 
Hill  County  Weed  Board 
Hill  County  Weed  District 
Judith  Basin  Conservation  District 
Judith  Basin  County  Extension  Office 
Judith  Basin  County  Weed  Control 
Lake  County  Extension  Office 
Lewis  and  Clark  County  Extension  Office 
Liberty  County  Conservation  District 
Liberty  County  Extension  Office 
Liberty  County  Weed  Control 
Lincoln  County  BH&P 
Lincoln  County  Extension  Office 
Lincoln  County  Weed  Control 
Madison  County  Conservation  District 
Madison  County  Weed  Control 
McCone  County  Weed  Control 
Meagher  County  Conservation  District 
Mile  High  Conservation  District 
Mineral  County  Planning  Board 
Missoula  County  Extension  Agent 
Missoula  County  Extension  Office 
Musselshell  County  Weed  Control 
North  Powell  Conservation  District 
Park  County  Weed  Control 
Powell  County  Extension  Office 
Prairie  County  Extension  Office 
Ravalli  County  Extension  Office 
Richland  County  Extension  Office 
Richland  County  Weed  Control 
Roosevelt  County  Extension  Office 
Roosevelt  County  Weed  Control 
Rosebud-Treasure  County  Extension  Office 
Ruby  Valley  Conservation  District 
Silver  Bow  County  Weed  Control 
Sweet  Grass  County  Extension  Office 
Teton  County  Conservation  District 
Teton  County  Extension  Office 
Teton  County  Weed  Control 
Toole  County  Conservation  District 
Toole  County  Extension  Office 
Valley  Conservation  District 
Valley  County  Grazing  District 
Valley  Extension  Office 
Yellowstone  County  Extension  Office 
Yellowstone  County  Weed  Control 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  Preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 
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Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


New  Mexico 


State  Clearinghouse 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


Nevada 


State  Clearinghouse 


Special  Interest/Environmental/Industry 

Battle  Mountain  Gold  Company 

Elko  Cooperative  Extension  Office 

Intermountain  Range  Consultants 

International  Society  for  the  Protection  of  Mustangs  and  Burros 

Izaak  Walton  League 

Legislative  Counsel  Bureau 

NMHU,  Division  of  Science  and  Technology 

Nature  Conservancy 

Nevada  Cattlemen's  Association 

Nevada  Farm  Bureau  Federation 

Nevada  Land  Action  Association 

Sierra  Club 

Summit  Lake  Paiute  Tribe 

University  of  Nevada,  College  of  Agriculture 

University  of  Nevada  System,  Desert  Research  Institute 

Western  Range  Service 

Wild  Horse  Organized  Assistance 


Special  Interest/Environmental/lndustry 

American  National  Energy  Alternatives 

Audubon  Society 

Bluewater-Toltec  Irrigation 

CHACO  Energy  Company 

Central  New  Mexico  Audubon  Society 

Certified  Concrete  Products 

Chino  Mines  Company 

Energy  and  Minerals  Department 

Environmental  District  1  Field  Office 

Environmental  Improvement  Division 

KAYWAL,  Inc. 

Kerr-McGee  Corporation 

Mississippi  Potash,  Inc. 

Museum  of  Indian  Arts  and  Culture,  Lab  of  Anthropology 

New  Mexico  Farm  and  Livestock  Bureau 

New  Mexico  Mining  Association 

New  Mexico  Natural  History  Institute 

New  Mexico  Wilderness  Coalition 

New  Mexico  Wilderness  Study  Committee 

New  Mexico  Wildlife  Federation 

New  Mexico  State  University,  Department  of  Animal  and  Range 

Science 
Plains  Electric 

Public  Land  Users  Association 
Resource  Technology,  Inc. 
Rio  Abajo  Archeological  Service 
Southwest  Research  and  Information  Center 
Santa  Fe  Pacific  Mining,  Inc. 
Sierra  Club 

Southern  Union  Exploration 
Sunbelt  Company 
UNC  Mining  and  Milling 
Yates  Petroleum  Corporation 


Federal  Government  Agencies 

USDA,  Forest  Service,  Santa  Rosa  Ranger  District 
USDA,  Soil  Conservation  Service 


Federal  Government  Agencies 

USDI,  Fish  and  Wildlife  Service 
USDA,  Soil  Conservation  Service 
USDI,  Bureau  of  Land  Management, 


Roswell  District  Office 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


County  Agencies 

Debaca  County  Commission 
Grant  County  Commission 
Lander  County  Extension  Office 
Quay  County  Commission 
Socorro  Chamber  of  Commerce 
Valencia  County  Commission 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 
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Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Oregon 

State  Clearinghouse 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


North  Dakota 


State  Clearinghouse 


Special  interest/Environmental/Industry 

Amerada  Hess  Corporation 

Baukol  Noonan,  Inc. 

Broschat  Engineer  Management  Service 

Cody,  Inc. 

Dakota  Research  Council 

Fort  Berthold  Agency 

Minot  State  University  Memorial  Library 

North  American  Coal  Company 

North  Dakota  Game  and  Fish  Department 

North  Dakota  Geological  Service 

Portal  Pipeline  Company 

Royal  Oak  Enterprises 

Sandoz  Crop  Protection 

Texaco,  Inc. 

Turtle  Mountain  Agency 

Westrums  Land  Surveying 

Williston  Basin  Interstate  Pipeline  Company 


Oklahoma 


State  Clearinghouse 


Special  Interest/Environmental/lndustry 

Audubon  Society  Central  Oregon  Chapter 

Audubon  Society  Portland  Chapter 

Cascade  Holistic  Economic  Consultant 

Caveman  4-Wheelers 

Columbia  River  Inter-Tribal  Fish  Commission 

Desert  Trail  Association 

Georgia-Pacific  Corporation 

Humboldt  Land  and  Livestock 

Izaak  Walton  League 

Meadow  Creek  Enterprises,  Inc. 

Northwest  Environmental  Defense  Center 

National  Wildlife  Federation 

Northwest  Coalition  for  Alternatives  to  Pesticides 

Northwest  Forestry 

Oregon  Cattlemen's  Association 

Oregon  Farm  Bureau  Federation 

Oregon  Hunters  Association 

Oregon  League  of  Women  Voters 

Oregon  Rivers  Council 

Oregon  Sheep  Growers 

Oregon  Trails  Electric  Coop 

Oregon  Water  Resources  Department 

Oregonians  for  Food  and  Shelter 

Southern  Oregon  Citizens  Against  Toxic  Sprays 

Southern  Oregon  NW  Coalition  for  Alternatives  to  Pesticides 

Southern  Oregon  Resource  Alliance 

Trout  Unlimited  of  Oregon 


Federal  Government  Agencies 

US  Department  of  Energy,  Bonneville  Power  Administration 
USDA,  Forest  Service,  Pacific  Northwest  Region 
USDA,  Forest  Service,  Vegetation  Management  Project 
USDA,  Pacific  Northwest  Station 
USDA,  Soil  Conservation  Service 
USDI,  Bureau  of  Indian  Affairs,  Portland  Area  Office 
USDI,  Fish  and  Wildlife  Service,  Portland  Field  Office 
USDI,  Malheur  National  Wildlife  Refuge 


Special  interest/Environmental/Industry 

C.N.  Haskell  and  Associates,  International  Rights-of-Way 

Association 
Kerr-McGee  Coal  Corporation 
Oklahoma  Historical  Society 
Oklahoma  Veterinarian 
Union  Oil  Company  of  California 


Federal  Government  Agencies 

Sac  and  Fox  Tribe  of  Indians  of  Oklahoma 


County  Agencies 

Association  of  Oregon  Counties 

Baker  County  Court 

Harney  County  Court 

Harney  County  Planning  Department 

Harney  County  Weed  Control 

Lake  County  Extension  Service 

Malheur  County  Court 

Sherman  County  Court 

Wallowa  County  Commissioners 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


L-6 


APPENDIX  L 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  were  sent 
a  copy  of  the  Draft  EIS. 


South  Dakota 


Federal  Government  Agencies 

Bryce  Canyon  National  Park 

Canyonlands  National  Park 

Manti  Lasal  National  Forest 

Office  of  Planning  and  Budget 

USDA,  Soil  Conservation  Service 

USDI,  Bureau  of  Land  Management,  Vernal  District  Office 

USDI,  Bureau  of  Land  Management,  Beaver  River  Resource  Area 

Office 
USDI,  Bureau  of  Land  Management,  Brook  Cliff  Resource  Area 

Office 
USDI,  Bureau  of  Land  Management,  San  Juan  Resource  Area 

Office 
USDI,  Geological  Survey,  Public  Inquiries  Office  Zion  National 

Park 
USFS,  Region  4 


State  Clearinghouse 


Special  Interest/Em  ironmental/lndustry 

Amerada  Hess  Corporation 

Roosevelt  Custer  Regulatory  Council  for  Development 


County  Agencies 

Castle  County  Travel  Board 

Dechesne  County  Clerk 

Emery  County  Commission 

Iron  County  Commission 

Juab  County  E.  D. 

Piute  County  Soil  Conservation  District 

San  Juan  County  Economic  Development 


Utah 


State  Clearinghouse 


Special  Interest/Environmental/Industry 

AMCA  Coal  Leasing,  Inc. 

Bear  River  Association  of  Governors 

Beaver  River  Resource  Range 

Brigham  Young  University 

Brush  Wellman,  Inc. 

Cache  Group  Sierra  Club 

Community  Development  Association 

Dinolab 

Dinosaurland  Travel  Board 

Division  of  Wildlife  Resources 

Esplin  Cattle  Company 

Humane  Society  of  Utah 

LDS  Church,  Realty  Division 

5M  Incorporated 

Mountain  Bell  Ranch 

Mountain  Fuel  Supply  Company 

National  Parks  and  Conservation  Association 

Sagebrush  Archeological  Consultants 

Soldier  Creek  Coal 

Southern  Utah  State  College 

Southern  Utah  Wilderness  Alliance 

Tour  West 

Utah  Association  Soil  Conservation  District 

Utah  Audubon  Society 

Utah  Chapter  Sierra  Club 

Utah  Farm  Bureau 

Utah  Job  Service 

Utah  Mining  Association 

Utah  Natural  Heritage  Program 

Utah  Nature  Study  Society 

Utah  Power  and  Light 

Utah  Wilderness  Association 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


Washington 
State  Clearinghouse 


Special  Interest/Environmental/Industry 

AgriNorthwest 

Apollo  Exploration,  Inc. 

Benton  Conservation  District 

Benton  County  Cattlemen's  Association 

Big  Bend  Economic  Development  Council 

Blue  Mountain  Audubon  Society 

Bullfrog  Land  Company,  Inc. 
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Special  Interest/Environmental/lndustry 
(continued) 

Colville  Confederate  Tribes 

Cominco  American,  Inc. 

Department  of  Natural  Resources 

East  Lake  Washington  Audubon  Society 

Entiat  Stockmen's  Association 

Ephrata  Sportsmen  Association 

Farm  Credit  Bureau  of  Spokane 

Foster  Creek  Conservation  District 

Friends  of  the  Earth 

Glacier  Park  Company 

Klickitat  County  Cattlemen's  Association 

Mid-Columbia  Archeological  Society 

Mine  Evaluation  and  Development 

North-Central  Washington  Audubon  Society 

Nature  Conservancy,  Washington  Department  of  Botany 

Othello  Conservation  District 

Richland  Rod  and  Gun  Club 

Seattle  Audubon  Society 

Seattle  City  Light 

South  Douglas  Conservation  District 

South  Yakima  Conservation  District 

Spokane  Audubon  Society 

The  Nature  Conservancy 

Venture  Farms 

WACD  Public  and  Private  Range  Commission 

WSDOT  District  Design  Engineers 

Washington  State  University 

Washington  State  University,  Department  of  Botany 

Washington  Wilderness  Coalition 

Western  Nuclear,  Inc. 

Yakima  Indian  Nation 

Yakima  Tribal  Council 


Federal  Government  Agencies 

USDA,  Soil  Conservation  Service 
USDI,  Bureau  of  Indian  Affairs,  Puget  Sound  Agency 
USDI,  Bureau  of  Indian  Affairs,  Yakima  Indian  Agency 
USDI,  Bureau  of  Mines 


County  Agencies 

Okanogan  Board  of  County  Commissioners 

Douglas  Board  of  County  Commissioners 

Chelan  County  PUD 

Chelan  County  Regional  Planning  Council 

Douglas  County  PUD 

Okanogan  County  Planning  Commission 

Okanogan  County  Weed  Board 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


Wyoming 

State  Clearinghouse 


Special  Interest/Environmental/lndustry 

Ark  Land  Company 

College  of  Agriculture 

Conoco,  Inc. 

Hotline  Energy  Reports 

Pacific  Power  and  Light 

Phillips  Petroleum  Company 

Prairie  Winds  Consulting 

Rock  Springs  Grazing  Association 

Sierra  Club,  Northern  Great  Plains  Region 

Sunoco  Energy  Development  Company 

True  Oil  Company 

Union  Oil  Company  of  America 

United  Press  International 

Wyoming  Association  of  Professional  Archeologists 

Webster  Ranch  Company 

Western  Research  Institute 

Wyoming  Game  and  Fish  Commission 

Wyoming  Heritage  Society 

Wyoming  Mining  Farm  Bureau 

Wyoming  Outdoor  Council 

Wyoming  Stockgrowers  Association 

Wyoming  Wildlife  Federation 

Wyoming  Woolgrowers  Association 


Federal  Government  Agencies 

USDA,  Forest  Service 

USDA,  Soil  Conservation  Service 

USDI,  Bureau  of  Land  Management,  Rawlins  District  Office 

USDI,  Bureau  of  Land  Management,  Rock  Springs  District  Office 

USDI,  Bureau  of  Land  Management,  Worland  District  Office 


County  Agencies 

Board  of  Land  Commissioners 
Lincoln  County  Commission 
Office  of  the  County  Clerk,  Lander 
Park  County  Commission 
Uinta  County  Commission 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 
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Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Libraries 

State  and  university  libraries  identified  by  each 
State  involved  in  the  preparation  of  the  Draft  EIS 
were  sent  a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


Congressional 

The  congressional  delegation  for  each  State 
involved  in  the  preparation  of  the  Draft  EIS  was  sent 
a  copy  of  the  Draft  EIS. 


OTHER  AREAS 


California 


State  Clearinghouse 


Special  Interest/Environmental/Industry 

Air  Ranch,  Inc. 

Animal  Protection  Institute 

California  State  College 

DCEC 

Dow  Chemical  Company 

ERC  Environment  and  Energy  Services  Company 

Foundation  for  Life  Action 

Geysers  Geothermal  Company 

National  Treasure  Mines  Company 

Natural  Resources  Defense  Council 

Pacific  Gas  Transmission  Company 

Southern  California  Edison  Company 

Sierra  Club 

The  Nature  Conservancy 

Trans-Pacific  Geo.,  Inc. 

Wes  Consulting,  Inc. 


New  York 


State  Clearinghouse 


Special  Interest/Environmental/Industry 

American  Standards  Testing  Bureau,  Inc. 
Byron-Bergen  Central  School 


Wisconsin 


State  Clearinghouse 


Special  Interest/Environmental/lndustry 

Canadian  Embassy 

Defenders  of  Wildlife 

Energy  and  Public  Lands,  National  Wildlife  Federation 

Friends  of  the  Earth 

Independent  Petroleum  Association  of  America 

Public  Land  Council 

Public  Land  News 

Western  Resources  Wrap-up 


Federal  Government  Agencies 

USDI,  Bureau  of  Land  Management 

Nebraska 

State  Clearinghouse 

Nebraska  Game  and  Parks  Commission 


Federal  Government  Agencies 

United  States  Senate,  Commission  on  Commerce,  Science,  and 
Transportation 


Canada 


Special  Interest/Environmental/Industry 


Advisory  Councils/Grazing  Boards 

Members  of  the  Bureau  of  Land  Management's 
Advisory  Councils  and  Grazing  Advisory  Boards  in 
those  States  included  in  the  preparation  of  the  Draft 
EIS  were  notified  of  the  availability  of  the  Draft  EIS 
for  formal  review. 


Oliver-Osoyoos  Naturalists  Club 

Requests  for  copies  also  were  submitted  by  spe- 
cial interest  groups,  environmental  groups,  indus- 
tries, and  organizations  from  the  following  States 
not  involved  in  the  analyses:  Connecticut,  Florida, 
Hawaii,  Illinois,  Indiana,  Kansas,  Louisiana,  Mary- 
land, Massachusetts,  Michigan,  Missouri,  New  Jer- 
sey, Ohio,  Pennsylvania,  Tennessee,  Texas,  Vir- 
ginia, Washington  DC,  and  Wisconsin. 
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HERBICIDE  FORMULATIONS 


(FEBRUARY,  1991) 

Inert  ingredients  in  herbicide  formulations  are  an 
increasingly  important  issue,  especially  when  some 
testing  has  shown  that  they  may  have  detrimental 
effects  to  the  environment,  human  health,  and  wild- 
life species.  An  inert  ingredient  is  defined  as  any 
intentionally-added  ingredient  in  a  herbicide 
product  which  is  not  pesticidally  active.  They  may 
be  solvents,  surfactants,  emulsifiers,  flow  condition- 
ers, and  other  functional  ingredients  of  the  herbicide 
formulation.  Cumulative  effects  of  the  known  ingre- 
dients and  the  full  formulations  on  lethal,  sublethal, 
acute,  chronic,  and  indirect  effects  to  wildlife  are  rel- 
atively unknown.  The  inert  ingredients  may  exert  in- 
dependent effects  or  interact  synergistically  with  the 
known  ingredients. 

Generally,  the  identity  of  these  inert  ingredients 
is  proprietary  information  of  the  herbicide  manufac- 
turer. The  Environmental  Protection  Agency's 
(EPA)  toxicological  tests  for  registration  purposes 
have  regularly  concentrated  only  on  the  active  ingre- 
dient of  the  formulation,  rather  than  the  formulation 
as  a  whole.  The  listing  of  inert  ingredients  in  cate- 
gories is  an  effort  to  help  provide  data  where 
unknown  chemical  combinations  have  not  been 
tested  for  their  effects  on  human  health  and  the  envi- 
ronment. 

In  developing  their  policy  on  inert  ingredients,  the 
EPA  has  divided  approximately  1,200  intentionally- 
added  inert  ingredients  into  four  toxicity  categories 
or  lists: 


List  1:  Inerts  of  Toxicological  Concern 

This  list  contains  about  50  inert  ingredients  EPA 
has  identified  as  being  of  significant  toxicological 
concern. 


List  2:  Potentially  Toxic  Inerts/High  Priority  For 
Testing 

This  list  contains  about  60  inert  ingredients  that 
are  structurally  similar  to  chemicals  known  to  be 
toxic;  some  have  data  suggesting  a  basis  for  concern 
about  the  toxicity  of  the  chemical. 


List  3:  Inerts  of  Unknown  Toxicity 

This  list  contains  approximately  800  inert  ingre- 
dients that  EPA  has  no  basis  for  inclusion  on  other 
lists. 


List  4:  Inerts  of  Minimal  Concern 

This  list  contains  approximately  300  inert  ingre- 
dients that  EPA  regards  as  innocuous.  Examples  are 
substances  generally  recognized  as  safe  by  the 
Food  and  Drug  Administration. 

The  Bureau  of  Land  Management  has  adopted  the 
policy  to  only  use  herbicides  that  do  not  contain 
inert  ingredients  indicated  on  EPA's  Lists  1  or  2 
unless  risk  associated  with  the  inert  ingredient  is 
evaluated  and  found  acceptable. 

In  line  with  the  above  policy,  the  Bureau  of  Land 
Management  has  recommended  to  its  resource  man- 
agers to  use  products  that  do  not  contain  inert  ingre- 
dients on  EPA  Lists  1  or  2.  If  there  is  no  product  avail- 
able that  does  not  contain  inert  ingredients  on  EPA 
1  or  2,  then  an  herbicide  product  that  does  contain 
inert  ingredients  identified  on  EPA  List  1  or  2  may 
be  considered  for  use,  with  the  understanding  that 
the  risk  will  be  evaluated  before  treatment.  As  addi- 
tional information  becomes  available,  the  list  will  be 
updated. 


List  of  Formulations  That  do  not  Contain  Inert 
Ingredients  on  EPA  Lists  1  or  2 


Active 
Ingredient 


Chemical 
Company 


EPA 

Product 

Registration 

Name 

Number 

Amitrole 


Use  is  no  longer  proposed.  BLM  has  reexamined  the  risk 
assessment  and  examined  additional  data.  BLM  has  determined 
that  amitrole  is  no  longer  considered  for  proposed  use  in 
this  document.  Amitrole  will  be  deleted  in  the  record  of  Decision. 
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List  of  Formulations  That  do  not  Contain  Inert 
Ingredients  on  EPA  Lists  1  or  2  (Continued) 


EPA 

Active 

Chemical 

Product 

Registration 

Ingredient 

Company 

Name 

Number 

Atrazine 

Dupont 

Atrazine  41 

352-490 

Ciba-Geigy 

AAtrex  80w 

100-439 

Ciba-Geigy 

AAtrex  90 

100-585 

Ciba-Geigy 

AAtrex  41 

100-497 

Ciba-Geigy 

Atratol  90 

100-622 

Bromacil 

Dupont 

Hyvar  X 

352-287 

Dupont 

Hyvar  XL 

352-346 

Bromacil  +  Diuron 

Dupont 

Krovar  II 

352-351 

Dupont 

Krovar  I 

352-352 

Dupont 

Krovar  II  DF 

352-440 

Dupont 

Krovar  I  DF 

352-505 

Chlorsulfuron 

Dupont 

Telar 

352-404 

Clopyralid 

Dow/Elanco 

Reclaim 

62719-83 

Dow/Elanco 

Stinger 

464-600 

Dow/Elanco 

Transline 

62719-73 

2,4-D 

Rhone-Poulenc  Ag. 

Aqua-Kleen 

264-1 09AA 

Rhone-Poulenc  Ag. 

Weed a r  64 

264-2 

Rhone-Poulenc  Ag. 

Weedar  64A 

264-143 

Platte  Chemical 

Clean  Crop  Amine  4 

34704-5  & 

2,4-D  Weed  Killer 

34704-120 

Platte  Chemical 

Clean  Crop  Low  Vol  4 
Ester  Weed  Killer 

34704-124 

Cornbelt  Chemical 

Weed  Pro  4#  Amine 

10107-31 

Cornbelt  Chemical 

Weed  Pro  4#  Low  Vol 
Ester  2,4-D 

10107-27 

Cornbelt  Chemical 

Weed  Pro  6#  Low  Vol 
Ester  2,4-D 

10107-40 

PBI/Gordon 

Turf  Hi-Dep 

2217-703 

PBI/Gordon 

Dymec 

2217-633 

Dalapon 


Since  drafting  this  document,  producers  are  no  longer  manufacturing 
formulations  registered  for  proposed  use.  Therefore,  dalapon  is  no 
longer  considered  for  use. 


Dicamba 

Sandoz 
Sandoz 
Sandoz 
Sandoz 

Banvel  Herbicide 
Banvel  4S 
Banvel  4WS 
Banvel  CST 

55947-1 
55947-4 
55947-18 
55047-32 

Dicamba  +  2,4-D 

Sandoz 

PBI/Gordon 

PBI/Gordon 

Weed  master 
Brush  Killer  4-41 
Brush  Killer  10-5-1 

55947-24 
2217-644 
2217-543 

Diuron 

Dupont 

Karmex  DF 

352-508 

Glyphosate 

Monsanto 
Monsanto 
Monsanto 

Accord 
Rodeo 
Roundup 

524-326 
524-343 
524-308 

Glyphosate  +  2,4-D 

Monsanto 
Monsanto 
Monsanto 
Monsanto 

Landmaster 
Campaign 
Landmaster  II 
E-Z-Ject 

524-351 
524-351 
524-376 
524-435 

Hexazinone 

Dupont 
Dupont 
Dupont 

Velpar 
Velpar  ULW 
Velpar  L 

352-378 
352-450 
352-392 
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APPENDIX  M 

List  of  Formulations  That  do  not  Contain  Inert 
Ingredients  on  EPA  Lists  1  or  2  (Continued) 


EPA 

Active 

Chemical 

Product 

Registration 

Ingredient 

Company 

Name 

Number 

Imazapyr 

American  Cyanamid 

Arsenal 

241-273 

American  Cyanamid 

Arsenal 

241-295 

American  Cyanamid 

Arsenal  RTU 

241-330 

American  Cyanamid 

Arsenal  Applicator  Cone. 

241-299 

Mefluidide 

PBI/Gordon 

Embark  2-S 

7182-7 

Metsulfuron  Methyl 

Dupont 

Escort 

352-439 

Picloram 

Dow 

Tordon  2K 

464-333 

Dow/Elanco 

Tordon  22K 

464-323 

Dow/Elanco 

Tordon  K 

464-421 

Dow/Elanco 

Grazon  PC 

820002 

Picloram  +  2,4-D 

Dow/Elanco 

Tordon  101 

464-306 

Dow/Elanco 

Tordon  101R 

464-510 

Dow/Elanco 

Tordon  RTU 

464-510 

Simazine 

Ciba-Geigy 

Princep  80W 

100-437 

Ciba-Geigy 

Princep  41 

100-526 

Ciba-Geigy 

Princep  Caliber  90 

100-603 

Sulfometuron  methyl 

Dupont 

Oust 

352-401 

Tebuthiuron 

Dow/Elanco 

Spike  80W 

1471-97 

Dow/Elanco 

Spike  5G 

1471-103 

Dow/Elanco 

Spike  1G 

1471-104 

Dow/Elanco 

Spike  20P 

1471-123  or 
62719-121 

Dow/Elanco 

Spike  40P 

1471-124 

Dow/Elanco 

Spike  Brush  Bullets 

1471-129 

Triclopyr 

Dow/Elanco 

Garlon  3A 

464-546 

Dow/Elanco 

Garlon  4 

464-554 

Dow/Elanco 

Remedy 

62719-70 

NOTE.— As  other  formulations  of  the  above  chemicals,  that  are  not  on  EPA's  list  1  or  2  for  inert  ingredients, 
become  available  and  are  cleared  through  the  BLM  Washington  Office,  they  will  be  considered  for  use 
on  BLM  administered  lands. 
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APPENDIX  N 


FEDERAL  NOXIOUS  WEED  ACTS 


This  appendix  is  comprised  of  copies  of  the  Fed- 
eral Noxious  Weed  Acts  and  the  amendment  to  the 
Federal  Noxious  Weed  Act  of  1974. 


N-1 


October  17,  1968 

[S.2671] 


Noxious  plant 
control. 


Appropriation 

authorization. 


Public  Law  90-583 

AN  ACT 

To  provide  for  the  control  of  noxious  plants  on  land  under  the  control  or 

jurisdiction  of  the  Federal  Government. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the 
United  States  of  America  in  Congress  assembled,  That  the  heads  of 
Federal  departments  or  agencies  are  authorized  and  directed  to  permit 
the  commissioner  of  agriculture  or  other  proper  agency  head  of  any 
State  in  which  there  is  in  effect  a  program  for  the  control  of  noxious 
plants  to  enter  upon  any  lands  under  their  control  or  jurisdiction  and 
destroy  noxious  plants  growing  on  such  land  if — 

(1)  such  entry  is  in  accordance  with  a  program  submitted  to 
and  approved  by  such  department  or  agency :  Provided,  That  no 
entry  shall  occur  when  the  head  of  such  Federal  department  or 
agency,  or  his  designee,  shall  have  certified  that  entry  is  incon- 
sistent with  national  security; 

(2)  the  means  by  whicn  noxious  plants  are  destroyed  are 
acceptable  to  the  head  of  such  department  or  agency;  and 

(3)  the  same  procedure  required  by  the  State  program  with 
respect  to  privately  owned  land  has  been  followed. 

Sec.  2.  Any  State  incurring  expenses  pursuant  to  section  1  of  this 
Act  upon  presentation  of  an  itemized  account  of  such  expenses  shall 
be  reimbursed  by  the  head  of  the  department  or  agency  having 
control  or  jurisdiction  of  the  land  with  respect  to  which  such  expenses 
were  incurred :  Provided,  That  such  reimbursement  shall  be  only  to 
the  extent  that  funds  appropriated  specifically  to  carry  out  the  pur- 
poses of  this  Act  are  available  therefor  during  the  fiscal  year  in  which 
the  expenses  are  incurred. 

Sec.  %.  There  are  hereby  authorized  to  be  appropriated  to  depart- 
ments or  agencies  of  the  Federal  Government  such  sums  as  the  Con- 
gress may  determine  to  be  necessary  to  carry  out  the  purposes  of  this 
Act 

Approved  October  17,  1968. 


Public  Law  93-629 

January   3.  1975  AN  ACT 

[h.r.  11273]  xo  provide  for  the  control  and  eradication  of  noxious  weeds,  and  the  regulation 
of  the  movement  in  interstate  or  foreign  commerce  of  noxious  weeds  and 
potential  carriers  thereof,  and  for  other  purposes. 


Federal  Noxious 
Weed  Act  of  1974 


Be  it  enacted  by  the  Senate  and  House  of  Representatives  of  the 
United  States  of  America  in  Congress  assembled,  That  this  Act  may 

Vusc  28oi*'    '  be  cited  as  the  "Federal  Noxious  Weed  Act  of  1974". 
"Tusc  28oi.  Sec.  2.  The  importation  or  distribution  in  interstate  commerce  of 

noxious  weeds,  except  under  controlled  conditions,  allows  the  growth 
and  spread  of  such  weeds  which  interfere  with  the  growth  of  useful 
plants,  clog  waterways  and  interfere  with  navigation,  cause  disease, 
or  have  other  adverse  effects  upon  man  or  his  environment  and  there- 
fore is  detrimental  to  the  agriculture  and  commerce  of  the  United 
States  and  to  the  public  health.  The  uncontrolled  distribution  within 
the  United  States  of  noxious  weeds  after  their  importation  or  inter- 
state distribution  has  like  detrimental  effects  and  allowing  such  dis- 
tribution encourages  and  facilitates  the  burdening  and  obstructing  of 
interstate  and  foreign  commerce,  and  is  inimical  to  the  public  interest. 
Accordingly,  the  Congress  hereby  determines  that  the  regulation  of 
transactions  in,  and  movement  of,  noxious  weeds  as  provided  in  this 
Act  is  necessary  to  prevent  and  eliminate  burdens  upon  and  obstruc- 
tions to  interstate  and  foreign  commerce  and  to  protect  the  public 
welfare. 

7  usc'aaw.  Sec.  3.  As  used  in  this  Act,  except  where  the  context  otherwise 

requires : 

(a)  "Secretary"  means  the  Secretary  of  Agriculture  of  the  United 
States  or  any  other  person  to  whom  authority  may  be  delegated  to  act 
in  his  stead. 

(b)  "Authorized  inspector"  means  any  employee  of  the  Department 
of  Agriculture,  or  any  employee  of  any  other  agency  of  the  Federal 
Government  or  of  any  State  or  other  governmental  agency  which  is 
cooperating  with  the  Department  in  administration  of  any  provisions 
of  this  Act,  who  is  authorized  by  the  Secretary  to  perform  assigned 
duties  under  this  Act. 

(c)  ';Noxious  weed"  means  any  living  stage  (including  but  not 
limited  to,  seeds  and  reproductive  parts)  of  any  parasitic  or  other 
plant  of  a  kind,  or  subdivision  of  a  kind,  which  is  of  foreign  origin, 
is  new  to  or  not  widely  prevalent  in  the  United  States,  and  can  directly 
or  indirectly  injure  crops,  other  useful  plants,  livestock,  or  poultry  or 
other  interests  of  agriculture,  including  irrigation,  or  navigation  or 
the  fish  or  wildlife  resources  of  the  United  States  or  the  public  health. 

(d)  "United  States"  means  any  of  the  States,  territories,  or  districts 
of  the  United  States. 

(e)  "Interstate"  means  from  any  State,  territory,  or  district  of  the 
United  States  into  or  through  any  other  State,  territory,  or  district. 

(f)  "District"  means  the  District  of  Columbia,  the  Commonwealth 
of  Puerto  Rico,  or  any  possession  of  the  United  States. 

(g)  "Move"  means  deposit  for  transmission  in  the  mails,  ship,  offer 


Prohibition*. 
7  USC  2803. 


Quarantines  and 


for  shipment,  offer  for  entry,  import,  receive  for  transportation,  carry, 
or  otherwise  transport  or  move,  or  allow  to  be  moved,  by  mail  or 
otherwise. 

Sec.  4.  (a)  No  person  shall  knowingly  move  any  noxious  weed,  iden- 
tified in  a  regulation  promulgated  by  the  Secretary,  into  or  through  the 
United  States  or  interstate,  unless  such  movement  is  authorized  under 
general  or  specific  permit  from  the  Secretary  and  is  made  in  accord- 
ance with  such  conditions  as  the  Secretary  may  prescribe  in  the  permit 
and  in  such  regulations  as  he  may  promulgate  under  this  Act  to 
prevent  the  dissemination  into  the  United  States,  or  interstate,  of  such 
noxious  weeds. 

(b)  The  Secretary  may  refuse  to  issue  a  permit  for  the  movement  of 
any  such  noxious  weed  when,  in  his  opinion,  such  movement  would 
involve  a  danger  of  dissemination  of  such  noxious  weeds  into  the 
United  States  or  interstate. 

(c)  No  person  shall  knowingly  sell,  purchase,  barter,  exchange,  give, 
or  receive  any  such  noxious  weed  which  has  been  moved  in  violation  of 
subsection  (a),  or  knowingly  deliver  or  receive  for  transportation  or 
transport,  in  interstate  or  foreign  commerce,  any  advertisement  to  sell, 
puchase,  barter,  exchange,  give,  or  receive  any  such  noxious  weed 
which  is  prohibited  from  movement  in  such  commerce  under  this  Act. 

Sec.  5.  (a)  The  Secretary  may  promulgate  such  quarantines  and 
other  regulations  requiring  inspection  of  products  and  articles  of  any  "fuscwiM. 
character  whatsoever  and  means  of  conveyance,  specified  in  the  regula- 
tions, as  a  condition  of  their  movement  into  or  through  the  United 
States  and  otherwise  restricting  or  prohibiting  such  movement,  as  he 
deems  necessary  to  prevent  the  dissemination  into  the  United  States  of 
any  noxious  weeds,  and  it  shall  be  unlawful  for  any  person  to  move  any 
products,  articles,  or  means  of  conveyance  into  or  through  the  United 
States  contrary  to  any  such  regulation. 

(b)  Whenever  the  Secretary  has  reason  to  believe  that  an  infestation     Temporary  quar. 
of  noxious  weeds  exists  in  any  State,  territory,  or  district,  he  may  by 

regulation  temporarily  quarantine  such  jurisdiction,  or  a  portion 
thereof,  and  by  regulation  may  restrict  or  prohibit  the  interstate  move- 
ment from  the  quarantined  area  of  any  products  and  articles  of  any 
character  whatsoever  and  means  of  conveyance,  capable  of  carrying 
such  noxious  weeds,  and  after  promulgation  of  such  quarantine  and 
other  regulations,  it  shall  be  unlawful  for  any  person  to  move  inter- 
state from  a  quarantined  area  any  such  products,  articles,  or  means 
of  conveyance,  specified  in  the  regulations,  except  in  accordance  with 
such  regulations :  Provided,  however,  That  such  quarantine  and  regu-  Expiration, 
lations  shall  expire  at  the  close  of  the  ninetieth  day  after  their 
promulgation. 

(c)  However,  if,  after  public  hearing,  the  Secretary  determines,  on     Hearine- 
the  basis  of  the  information  received  at  the  hearing  and  other  infor- 
mation available  to  him,  that  such  a  quarantine  and  regulations  are 
necessary  in  order  to  prevent  the  interstate  spread  of  noxious  weeds 

from  any  State,  territory,  or  district  in  which  he  determines  an  infesta- 
tion of  noxious  weeds  exists,  and  to  protect  the  agriculture,  commerce, 
fish,  or  wildlife  resources  of  the  United  States  or  the  public  health,  he 
shall  promulgate  such  quarantine  and  other  regulations  as  he  deter- 
mines are  appropriate  for  such  purposes,  and  thereafter  it  shall  be 
unlawful  for  any  person  to  move  interstate  from  any  quarantined  area 
any  regulated  products,  articles,  or  means  of  conveyance  except  in 
accordance  with  such  regulations. 

Sec.  6.  (a)  Except  as  provided  in  paragraph  (c)  of  this  section,      yusc^sbs. 
the  Secretary  may,  whenever  he  deems  it  necessary  as  an  emergency 
measure  in  order  to  prevent  the  dissemination  of  any  noxious  weed, 
seize,  quarantine,  treat,  destroy,  or  otherwise  dispose  of,  in  such 
manner  as  he  deems  appropriate,  any  product  or  article  of  any  char- 


acter  whatsoei'er,  or  means  of  conveyance,  which  is  moving  into  or 
through  the  United  States  or  interstate,  in  bond  or  otherwise,  and 
which  he  has  reason  to  believe  is  infested  by  any  noxious  weed  or 
contains  any  such  weed,  or  which  has  moved  into  the  United  States, 
or  interstate,  and  which  he  has  reason  to  believe  was  infested  by  or 
contained  any  noxious  weed  at  the  time  of  such  movement :  and  any 
noxious  weed,  product,  article,  or  means  of  conveyance  which  is  mov- 
ing into  or  through  the  United  States,  or  interstate,  or  has  moved 
into  the  United  States,  or  interstate,  in  violation  of  this  Act  or  any 
regulation  hereunder. 

(b)  Except  as  provided  in  subsection  (c)  of  this  section,  the  Secre- 
tary may  order  the  owner  of  any  product,  article,  means  of  conveyance, 
or  noxious  weed  subject  to  disposal  under  subsection  (a)  of  this  section, 
or  his  agent,  to  treat,  destroy,  or  make  other  disposal  of  such  product, 
article,  means  of  conveyance,  or  noxious  weed,  without  cost  to  the 
Federal  Government  and  in  such  manner  as  the  Secretary  deems 
appropriate.  The  Secretary  may  apply  to  the  United  States  District 
Court,  or  to  the  United  States  court  of  any  territory  or  possession, 
for  the  judicial  district  in  which  such  person  resides  or  transacts 
business  or  in  which  the  product,  article,  means  of  conveyance,  or 
noxioin  weed  is  found,  for  enforcement  of  such  order  by  injunction, 
mandatory  or  otherwise.  Process  in  any  such  case  may  be  served  in 
any  judicial  district  wherein  the  defendant  resides  or  transacts  busi- 
ness or  may  be  found,  and  subpenas  for  witnesses  who  are  required 
to  attend  a  court  in  any  judicial  district  in  such  a  case  may  run  to  any 
other  judicial  district. 

(c)  No  product,  article,  means  of  conveyance,  or  noxious  weed 
shall  be  destroyed,  exported,  or  returned  to  shipping  point  of  origin, 
or  ordered  to  be  destroyed,  exported,  or  so  returned  under  this  sec- 
tion, unless  in  the  opinion  of  the  Secretary  there  is  no  less  drastic 
action  which  would  be  adequate  to  prevent  the  dissemination  of 
noxious  weeds  into  the  United  States  or  interstate. 

civil  action.  (d)  The  owner  of  any  product,  article,  means  of  conveyance,  or 

noxious  weed  destroyed,  or  otherwise  disposed  of,  by  the  Secretary 
under  this  section,  may  bring  an  action  against  the  United  States  in 
the  United  States  District  Court  for  the  District  of  Columbia,  within 
one  year  after  such  destruction  or  disposal,  and  recover  just  com- 
pensation for  such  destruction  or  disposal  of  such  product,  article, 
means  of  conveyance,  or  noxious  weed  (not  including  compensation 
for  loss  due  to  delays  incident  to  determining  its  eligibility  for  move- 
ment under  this  Act)  if  the  owner  establishes  that  such  destruction 
or  disposal  was  not  authorized  under  this  Act.  Any  judgment  rendered 
in  favor  of  such  owner  shall  be  paid  out  of  the  money  in  the  Treasury 
appropriated  for  administration  of  this  Act. 

Authorized  in-  gECi  7.  J^jjy  authorized  inspector,  when  properly  identified,  shall 
"7  use  woe.  nave  authority  (  a)  without  a  warrant,  to  stop  any  person  or  means  of 
conveyance  moving  into  the  United  States,  and  inspect  any  noxious 
weeds  and  any  products  and  articles  of  any  character  whatsoever,  car- 
ried thereby,  and  inspect  such  means  of  conveyance,  to  determine 
whether  such  person  or  means  of  conveyance  is  moving  any  noxious 
weed,  product,  article,  or  means  of  conveyance  contrary  to  this  Act  or 
any  regulation  under  this  Act;  (b)  without  a  warrant,  to  stop  any  per- 
son or  means  of  conveyance  moving  through  the  United  States  or  inter- 
state, and  inspect  any  noxious  weeds  and  any  products  and  articles  of 
any  character  whatsoever  carried  thereby,  and  inspect  such  means  of 
conveyance,  to  determine  whether  such  person  or  means  of  conveyance 
is  moving  any  noxious  weed,  product,  article,  or  means  of  conveyance 
contrary  to  this  Act  or  any  regulation  thereunder,  if  such  inspector 
has  probable  cause  to  believe  that  such  person  or  means  of  conveyance 
is  moving  any  noxious  weed  regulated  under  this  Act;  and  (c)  to 


enter,  with  a  warrant,  any  premises  in  the  United  States,  for  purposes 
of  any  inspections  or  other  actions  necessary  under  this  Act.  Any  judge 
of  the  United  States  or  of  a  court  of  record  of  any  State,  territory,  or 
district,  or  a  United  States  commissioner,  may,  within  his  respective 
jurisdiction,  upon  proper  oath  or  affirmation  showing  probable  cause 
to  believe  that  there  are  on  certain  premises  any  products,  articles, 
means  of  conveyance,  or  noxious  weeds  subject  to  this  Act,  issue  war- 
rants for  the  entry  of  such  premises  for  purposes  of  any  inspection  or 
other  action  necessary  under  this  Act,  except  as  otherwise  provided  in 
section  9  of  this  Act.  Such  warrants  may  be  executed  by  any  authorized 
inspector  or  any  United  States  marshal. 

Sec.  8.  Any  person  who  knowingly  violates  section  4  or  5  of  this 
Act,  or  any  regulation  promulgated  under  this  Act,  shall  be  guilty  of  a 
misdemeanor  and  shall  be  punished  by  a  fine  not  exceeding  $5,000,  or 
by  imprisonment  not  exceeding  one  year,  or  both. 

Sec.  9.  (a)  The  Secretary  is  authorized  to  cooperate  with  other 
Federal  agencies,  agencies  of  States,  territories,  or  districts,  or  politi- 
cal subdivisions  thereof,  farmers'  associations,  and  similar  organiza- 
tions, and  individuals  in  carrying  out  operations  or  measures  in  the 
United  States  to  eradicate,  suppress,  control,  or  prevent  or  retard  the 
spread  of  any  noxious  weed.  The  Secretary  is  authorized  to  appoint 
employees  of  other  agencies  of  the  Federal  Government  or  any 
agencies  of  any  State,  territory,  or  district,  or  political  subdivisions 
thereof,  as  collaborators  to  assist  in  administration  of  the  provisions  of 
this  Act,  pursuant  to  cooperative  agreements  with  such  agencies, 
whenever  he  determines  that  such  appointments  would  facilitate 
administration  of  this  Act. 

(b)  In  performing  the  operations  or  measures  authorized  by  sub- 
section (a)  of  this  section,  the  cooperating  State  or  other  govern- 
mental agency  shall  be  responsible  for  the  authority  necessary  to 
carry  out  the  operations  or  measures  on  all  lands  and  properties 
within  the  State  or  other  jurisdiction  involved,  other  than  those  owned 
or  controlled  by  the  United  States  Government,  and  for  such  other 
facilities  and  means  as  in  the  discretion  of  the  Secretary  are  necessary. 

Sec.  10.  The  Secretary  is  authorized  to  promulgate  regulations  neces- 
sary to  effectuate  the  provisions  of  this  Act.  However,  any  regulation 
identifying  a  noxious  weed  under  section  4  of  this  Act  shall  be  pro- 
mulgated only  after  publication  of  a  notice  of  the  proposed  regulation 
and,  when  requested  Dy  any  interested  person,  a  public  hearing  on  the 
proposal.  Any  such  regulation  shall  be  based  upon  the  information 
received  at  any  such  hearing  and  other  information  available  to  the 
Secretary  and  a  determination  by  the  Secretary  that  the  plant  is  within 
the  definition  of  a  noxious  weed  in  section  3(c)  of  this  Act  and  that  its 
dissemination  in  the  United  States  mav  reasonably  be  expected  to 
have,  to  a  serious  degree,  any  effect  specified  in  section  3(c). 

Sec.  11.  There  are  hereby  authorized  to  be  appropriated  such  sums  as 
Congress  may  from  time  to  time  determine  to  be  necessary  for  the 
administration  of  this  Act.  Any  sums  so  appropriated  shall  be  avail- 
able for  expenditures  for  the  purchase,  hire,  maintenance,  operation, 
and  exchange  of  aircraft  and  other  means  of  conveyance,  and  for  such 
other  expenses  as  may  be  necessary  to  carry  out  the  purposes  of  this 
Act.  However,  unless  specifically  authorized  in  other  legislation  or 
provided  for  in  appropriations,  ho  part  of  such  sums  shall  be  used  to 
pay  the  cost  or  value  of  property  injured  or  destroyed  under  section  9 
of  this  Act. 


Warrants,  issu- 


Penalty. 

7  USC  2807. 
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cies, cooperation. 
7  USC  2808. 


Regulations. 
7  USC  2809. 
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Appropriation. 
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Nonappiicabu-  gEC-  12.  The  provisions  of  this  Act  shall  not  apply  to  shipments  of 

7  use  28u.  seed  subject  to  the  Federal  Seed  Act  (53  Stat.  1275,  as  amended;  7 
U.S.C.  1551  et  seq.)  and  this  Act  shall  not  amend  or  repeal  any  of 
the  provisions  of  said  Act  or  of  the  Plant  Quarantine  Act  of 
August  20,  1912  (37  Stat.  315,  as  amended;  7  U.S.C.  151-154,  156- 
164a,  167),  the  Federal  Plant  Pest  Act  (71  Stat.  31;  7  U.S.C.  150aa- 
150j  j ) ,  or  any  other  Federal  laws. 
7  use  2812.  g^,  13  The  provisions  of  this  Act  shall  not  invalidate  the  provi- 

sions of  the  laws  of  any  State  or  political  subdivision  thereof,  or  of 
any  territory  or  district  of  the  United  States  relating  to  noxious  weeds, 
except  that  no  such  jurisdiction  may  permit  any  action  that  is  pro- 
hibited under  this  Act. 

7eusc  28i3y*  ^EC"  **•       any  Provisi°n  °f  ^is  Act  or  the  application  thereof  to 

any  person  or  circumstances  is  held  invalid,  the  remainder  of  the  Act 
and  the  application  of  such  provision  to  other  persons  and  circum- 
stances shall  not  be  affected  thereby. 
Approved  January  3,  1975. 


FEDERAL  NOXIOUS  WEED  ACT 

P.L.  93-i629 

SECTION  15 

MANAGEMENT  OF  UNDESIRABLE  PLANTS 

ON  FEDERAL  LANDS 

A.   Duties  of  Agencies  -  Each  Federal  agency  shall: 

1.  Designate  an  office  or  person  adequately  trained 
in  the  management  of  undesirable  plant  species  to 
develop  and  coordinate  an  undesirable  plants 
management  program  for  control  of  undesirable 
plants  on  Federal  lands  under  the  agency's  juris- 
diction; 

2.  Establish  and  adequately  fund  an  undesirable 
plants  management  program  through  the  agency's 
budgetary  process; 

3.  Complete  and  implement  cooperative  agreements  with 
State  agencies  regarding  the  management  of  un- 
desirable plant  species  on  Federal  lands  under  the 
agency's  jurisdiction;  and 

4.  Establish  integrated  management  systems  to  control 
or  contain  undesirable  plant  species  targeted  un- 
der cooperative  agreements. 

B.  Environmental  Impact  Statements  -  In  the  event  an  en- 
vironmental assessment  or  environmental  impact  state- 
ment is  required  under  the  National  Environmental 
Policy  Act  of  1969  (42  U.S.C.  4321  et  seq.)  to  imple- 
ment plant  control  agreements  within  l  year  after  the 
requirements  for  such  assessment  or  statement  is  ascer- 
tained. 

C.  Cooperative  Agreements  With  State  Agencies  - 

1.  In  General-Federal  agencies,  as  appropriate,  shall 
enter  into  cooperative  agreements  with  State 
agencies  to  coordinate  the  management  of  un- 
desirable plant  species  on  Federal  lands. 

2.  Contents  of  Plan-A  cooperative  agreement  entered 
into  pursuant  to  paragraph  (1)  shall- 


a.  Prioritise  and  target  undesirabla  plant 
species  or  group  of  species  to  be  controlled 
or  contained  within  a  specific  geographic 
area; 

b.  Describe  the  integrated  nanagenent  system  to 
be  used  to  control  or  contain  the  targeted 
undesirable  plant  species  or  group  of 
species;  and 

c.  Detail  the  means  of  implementing  the  in- 
tegrated management  systea,  define  the  duties 
of  the  Federal  agency  and  the  State  agency  in 
prosecuting  that  method,  and  establish  a 
tiaefraae  for  the  initiation  and  completion 
of  the  tasks  specified  in  the  integrated 
aanageaent  systea. 

D.  Exception  -  A  Federal  agency  is  not  required  under  this 
section  to  carry  out  programs  on  Federal  lands  unless 
similar  prograas  are  being  iapleaented  generally  on 
State  or  private  lands  in  the  same  area. 

E.  Definitions  -  As  used  in  this  section: 

1.  Cooperative  Agreement  -  The  term  "cooperative 
agreement"  means  a  written  agreement  between  a 
Federal  agency  and  a  State  agency  entered  into  pur- 
suant to  this  section. 

2.  Federal  Agency  -  The  term  "Federal  Agency"  Beans  a 
department,  agency,  or  bureau  of  the  Federal 
Government  responsible  for  administering  or  manag- 
ing Federal  lands  under  its  jurisdiction. 

3.  Federal  Lands  -  The  term  "Federal  lands"  means 
lands  managed  by  or  under  the  jurisdiction  of  the 
Federal  Government. 

4.  Integrated  Management  System  -  The  tera 
"integrated  management  system"  means  a  system  for 
the  planning  and  implementation  of  a  program, 
using  an  interdisciplinary  approach,  to  select  a 
method  for  containing  or  controlling  an  un- 
desirable plant  species  or  group  of  species  using 
all  available  methods,  including- 

a.  education; 

b.  preventive  measures; 

c.  physical  or  mechanical  methods; 

d.  biological  agents; 

e.  herbicide  methods; 

f.  cultural  methods;  and 


g.  general  land  Management  practices  such  as 
Manipulation  of  livestock  or  wildlife  grazing 
strategies  or  improving  wildlife  or  livestock 
habitat. 

5.  Interdisciplinary  Approach  -  The  term 
"interdisciplinary  approach"  means  an  approach  to 
making  decisions  regarding  the  containment  or  con- 
trol of  an  undesirable  plant  species  or  group  of 
species,  which  - 

a.  includes  participation  by  personnel  of 
Federal  or  State  agencies  with  experience  in 
areas  including  weed  science,  range  science, 
wildlife  biology,  land  management,  and 
forestry;  and 

b.  includes  consideration  of  - 

<i)  the  most  efficient  and  effective  method 
of  containing  oz  controlling  the  un- 
desirable plant  species; 

(ii)  scientific  evidence  and  current  technol- 
ogy; 

(iii)  the  physiology  and  habitat  of  a 
plant  species;  and 

(iv)  the  economic,  social,  and  ecological  con- 
sequences of  implementing  the  program. 

6.  State  Agencies  -  The  term  "State  agency"  means  a 
State  department  of  agriculture,  or  other  STate 
agency  or  political  subdivision  thereof,  respon- 
sible for  the  administration  or  implementation  of 
undesirable  plants  laws  of  a  State. 

7.  Undesirable  Plant  Species  -  The  term  "undesirable 
plants"  means  plant  species  that  are  classified  as 
undesirable,  noxious,  harmful,  exotic,  injurious, 
or  poisonous,  pursuant  to  State  or  Federal  law. 
Species  listed  as  endangered  by  the  Endangered 
Species  Act  of  1973  shall  not  be  designated  as  un- 
desirable plants  under  this  section  and  shall  not 
include  plants  indigenous  to  an  area  where  control 
measures  are  to  be  taken  under  this  section. 


F.   Coordination  - 

1.  in  General  -  The  Secretary  of  Agriculture  and  the 
Secretary  of  the  Interior  shall  take  such  actions 
as  nay  be  necessary  to  coordinate  Federal  agency 

programs  for  control,  research,  and  educational 
efforts  associated  with  Federal,  State,  and  lo- 
cally designated  noxious  weeds. 

2.  Duties  -  The  Secretary,  in  consultation  with  the 
Secretary  of  the  Interior,  shall- 

a.  identify  regional  priorities  for  noxious  weed 
control ; 

b.  incorporate  into  existing  technical  guides 
regionally  appropriate  technical  information; 
and 

c.  disseminate  such  technical  information  to  in- 
terested State,  local,  and  private  entities. 

3.  Cost  Share  Assistance  -  The  Secretary  may  provide 
cost  share  assistance  to  State  and  local  agencies 
to  manage  noxious  weeds  in  an  area  if  a  majority 
of  landowners  in  that  area  agree  to  participate  in 
a  noxious  weed  manageaent  program. 

G.  Authorization  of  Appropriations  -  There  is  authorized 
to  be  appropriated  such  sums  as  may  be  necessary  in 
each  of  fiscal  years  1991  through  1995  to  carry  out 
this  section. 
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BUREAU  OF  LAND  MANAGEMENT 
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In  Reply  Refer  To: 
9011  (230) 


Information  Bulletin  No.  91-  266 

To:      All  State  Directors 

From:    Director 

Subject:  Section  15,  Farm  Bill  -  Management  of  Undesirable  Plants  on  Federal 
Lands 

Congress  has  amended  the  Federal  Noxious  Weed  Act  of  1974  and  this  amendment 
was  signed  into  law  November  28,  1990.  A  copy  is  attached  for  distribution 
to  all  Districts. 

This  bill  requires  that  each  Federal  agency: 

1.  Designate  a  lead  office  and  person  trained  in  the  management  of 
undesirable  plants  ; 

2.  Establish  and  fund  an  undesirable  plant  management  program  '. 

3.  Complete  and  implement  cooperative  agreements  with  State  agencies  ;  and 

4.  Establish  integrated  management  systems  to  control  undesirable  plant 
species. 

Cooperative  Agreements  issued  to  State  agencies  to  implement  the  Amendment 
to  the  Noxious  Weed  Act  will  be  done  in  accordance  with  the  requirements 
of  BLM  Manual  Section  1511.  The  Project  Management  Plan  (see  H-1511-1, 
Chapter  III)  portion  of  the  Cooperative  Agreement  must: 

a.  prioritize  and  target  undesirable  plant  species  or  group  of  species 
to  be  controlled  or  contained  within  a  specific  geographic  area; 

b.  describe  the  integrated  management  system  to  be  used  to  control  or 
contain  the  targeted  undesirable  plant  species  or  group  of  species;  and 

c.  detail  the  means  of  implementing  the  integrated  management  system, 
define  the  duties  of  the  BLM  office  and  the  State  agency  in  prosecuting  that 
method,  and  establish  a  timeframe  for  the  initiation  and  completion  of  the 
tasks  specified  in  the  integrated  management  system. 


Section  1453,  Amendment  to  the  Noxious  Weed  Act,  paragraph  (f)(3),  Cost  Share 
Assistance,  does  not  apply  to  the  BLM.  The  Secretary  authorized  to  provide 
cost  share  assistance  to  State  and  local  agencies  is  the  Secretary  of 
Agriculture. 

Each  State  Office  should  review  its  noxious  weed  program  to  ensure  that  the 
BLM  is  in  full  compliance  with  this  Act.  Any  questions  should  be  directed  to 
Lewis  (Buck)  Waters  at  FTS  653-8864. 


Henry  K.  Noldan 
Assistant  Director  -  Land  and  Renewable  Resources 
Acting 


1  Attachment 

1  -  Federal  Noxious  Weed  Act  of  1974  (as  amended)  - 
P.L.  93-629  -  Section  15  (4  pp) 
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Persons  who  did  not  receive  a  Final  EIS  and  are  interested  in  obtaining  a  copy 
of  the  document  can  contact  any  of  the  following  State  BLM  offices: 


Arizona  State  Office 

3707  North  7th  Street 
P.O.  Box  16563 
Phoenix,  AZ  85011 
(602)  640-5504 


Colorado  State  Office 

2850  Youngfield  Street 
Lakewood,  CO  80215 
(303)  239-3667 


Idaho  State  Office 

3380  Americana  Terrace 
Boise,  ID  83706 
(208)  384-3014 


Montana  State  Office 

Granite  Tower 
222  North  32nd  Street 
P.O.  Box  36800 
Billings,  MT  59107-6800 
(406)  255-2913 


Nevada  State  Office 

850  Harvard  Way 
P.O.  Box  12000 
Reno,  NV  89520-0006 
(702)  785-6586 


New  Mexico  State  Office 

Joseph  M.  Montoya 
Federal  Building 
South  Federal  Place 
P.O.  Box  1449 
Santa  Fe,  NM  87504-1449 
(505)  988-6316 


Oregon  State  Office 

1300  N.E.  44th  Ave. 
P.O.  Box  2965 
Portland,  OR  97208-2965 
(503)  280-7027 


Utah  State  Office 

324  South  State  Street 
P.O.  Box  45155 
Salt  Lake  City,  UT  84111-2303 
(801)  539-4019 


Wyoming  State  Office 

2515  Warren  Avenue 
P.O.  Box  1828 
Cheyenne,  WY  82003 
(307)  775-6011 


